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MANICHAEAN INFLUENCE IN THE STONE 
CAVE CHAPEL OF KYUNGJU, KOREA 

W CARL RUFUS 

GENERAL INTRODUCTION 

SuAhkul-am, the Stone Cave Chapel, constructed on a moun¬ 
tain side in the southeastern part of Korea near Kyungju, con¬ 
tains excellent survivals of ancient Oriental stone sculpture Yi 
Nung Hwa 1 says “In the old capital of Silla there is a stone 
cave in which an image of Buddha, ten feet one inch m height 
^Korean measure], is seated at the center of the circular crypt 
On the surrounding walls are carved other images of Bodhi- 
sattvas The intrinsic beauty and skilful execution aie foremost 
among the Oriental arts ” This claim by a Korean writer is 
supported by American and English visitors Professor Frederick 
Starr, after a description of the bas-rolief wall images, adds 2 
"And m the center of all this beauty, this flowering of ancient 
art, sits the stone Buddha, on his lotus pedestal It is a mono¬ 
lith, cut from a block of stone eleven feet in height It is 
beautiful m pose, in feature, and in expression ” 

Madam E A Gordon gives an excellent description 4 "In 
the center of the Cave is the indescribably beautiful image of 
Shaka Nyorai gazing eastwards towards the Sunrise, like the 
Great Sphinx in Egypt It is carved in two kinds of stone, 
has a triple ring 4 round the neck which distinguishes the early 
images of Buddha, and its rosy lips give an almost startling 
appearance of life as, creeping through the'" brushwood, one 

1 History of Korean Buddhism (m Chinese), Vol III, p 183 The pas¬ 
sages were translated with the assistance of Mr David W C Lee 

* Korean Buddhism, p 71 

9 Korea Branch of the Royal Asiatic Society , Vol V, Part I, p 18 

1 
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suddenly and unexpectedly bunts upon it — a wondrous Vision 
of unearthly Peace and Beauty!” 

Interest in the figures of the Cave is increased by the eclectic 
nature of itB tkeocrasta. Elements of its imagery and symbolism, 
which are foreign to Buddhist art and iconography, present a 
perplexing problem Madam Gordon has offered an explanation 
of some of these special features on the basis of Nestonan 
Christian influence It is the purpose of this paper to propose 
another hypothesis, the influence of Mamchaeism, which appears 
to lie worthy of testing by means of further investigation 


HISTOMCAL INTRODUCTION 

Before presenting the problem a brief historical introduction 
will be given Kyungju is a county seat in the southeastern 
part of Korea, which marks the site of a flourishing ancient city 
of the same name, the capital of the kingdom of Silla, 67 b.c. 
to 035 a d The following table of the chief periods of Korean 
history provides a Betting for the time of Silla 


Periods of Korean History 


1 Tangun, traditional 

2 Kija dynasty, quasi-histoncal 
3. The Three Kingdoms 

Koguryu (northern part) 
Pakje (southwest) 

StUa (southeast) 

4 Koryu (capital at Songdo) 

5. Yi dynasty (Seoul) 


2333 n c to 1122 B c 
1122 B.c to 103 B c 

37 B c to 668 a.d. 
18bc to 660 AD. 
57 b c to 035 a d. 
018 A.D tol302A.D 
1302 A D to 1010 A.D. 


Ancient Kyungju was a center of art and industry wide m its 
influence. In its market-place there mingled Chinese, Japanese, 
Tibetans, Persians, Indians and even Arabians. In addition to 
overland commerce by way of Central Asia, it is claimed that 
trade was conducted by sea as far as Arabia and perhaps to 
Africa The survivals of these palmy days of Silla indicate the 
height attained by Korean civilisation. 
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Cave Chapel of Kyungju 

The Half-Moon Fortress (See Plate I, Fig 1) protected the 
capital from invasion Within this enclosure merchants, artisans, 
priests, and kings contributed to the progress and prosperity of 
the race. Built in a section of the wall of the fortress is a stone 
ice-house The Nine-Storey Pagoda was built by Queen Sun- 
dok m which to keep her jewels. The Silla Bell is twenty-three 
and one-half feet in circumference and weighs sixty tons The 
inscriptions and ornamental designs show excellent workmanship 
and the tone is said to be unsurpassed 

The Astronomical Observatory of Kyungju was constructed 
m 647 ad. (See Plate I, Fig 2). Claim has been made (and 
not refuted) that this is the oldest structure extant and intact 
built Botiely for observational use From its top I counted 
thirty-six mounds, the tombs of ancient royalty. Within these 
mounds are preserved excellent specimens of ornaments, pottery, 
and other works of art. These architectural and artistic sur¬ 
vivals represent the civilization of ancient Silla, the setting for 
our study of the Stone Cave Chapel, which is ten miles from 
the rums of Kyungju 

Another word of introduction is necessary regarding Bud¬ 
dhism in Korea This religion originated in the Ganges Valley 
about 600 b c During its progress northward and eastward 
from India to Korea, where it arrived in the fourth century a d , 
it came into contact with all the world religions of the day, and 
all the national cults of the countries through which it passed 
The interfiltration of ideas among the great religious orders of 
that penod presents a tangled web Buddhism, syncretic in its 
nature, amalgamated in its “fluid and protean” system many 
beliefs, rites, and ceremonies, foreign to the teachings of its 
founder, Gautama Concerning this characteristic of Buddhism, 
Bishop M. N Trollope 4 says “It has the most extraordinary 
capacity for absorbing into its system, and making part of 
itself, any religious beliefs, however alien to its first principles, 
which may be prevalent m the countries to which it goes” 
And speaking on Buddhism m Korea he said (with due apologies 
for the figure) that it had passed through “a drunken jasz of 

4 Korea Branch af the Royal A-ctahe Society, VoL VIII, p 15. 
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religions” on its way from India, and he considers that the 
various contributing influences are inextricable 

Buddhism was introduced into Korea during the period of 
the Three Kingdoms Sundo, a Chinese monk, reached Pyeng- 
yang, the capital of Koguryu, in 369 a d. Received with royal 
favor, he was soon joined by others Monasteries were estab¬ 
lished, virtually Buddhist universities m nature Marananda, 
an Indian monk, came to Pakje a few years later m 384 Muk- 
hocha, a black monk, is said to have introduced Buddhism into 
Silla about 424 A » Our chief interest m him is due to the fact 
that he is the reputed founder of the Stone Cave. Chapel 
Great mystery seemed to surround this man. Even his race is 
unknown 

THE CAVE CHAPEL 

Mukhocha, Reputed Founder of the Cave Chapel 

Yi Nung Hwa‘ gives the following account of Mukhocha 
"During the reign of King Nulchi, Mukhocha came to Ilsun 
district, Silla, from Koguryu A villager, Moiei by name, made 
him a house to dwell in The Liang dynasty of China sent an 
envoy to Silla and presented incense to the king But neithei 
the king nor the officials of his court knew how to use it or 
what it was Hocha said ‘If you bum this, it will give out a 
fragrant odor, and you can use it in praying to the Gods, who 
are no other than the three Precious Ones, Pulta, Dharma, and 
Seungja If you burn it and pray, there will be an answer* 
At that time the king’s daughter was sick Hocha burned the 
incense and prayed Then she was cured very soon The long 
was pleased and rewarded him abundantly Hocha gave Morei 
the presents that he had received from the king, disappeared 
soon, and nobody knew his whereabouts after that time." 

There is an apparent inconsistency m this account which 
makes King Nulchi (417-468) contemporary with the Liang 
dynasty (502-657) This may account for the disagreement 
among various writers regarding the time of the introduction of 
Buddhism into Silla. Hulbert, Starr, Madam Gordon and others 
* Htttory of Korean Buddhum, Vol. I, p 47 
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place it about the year 424, while Ohlinger, Yi Nung Hwa, 
Bishop Trollope and others place it about a century later We 
adopt the earlier date and offer the following explanation of the 
apparent inconsistency During the dark penod of Chinese 
history after the fall of the Former Chin dynasty near the end 
of the fourth century China witnessed the nee and fall of 
sixteen kingdoms within a century and a half Eight nearly 
contemporary short-lived kingdoms were West Liang, North 
Liang, South Liang, South Chin, Fostcnor Liang, Posterior 
Chin, Posterior Wei and Posterior Yen* Furthermore, accoid- 
mg to W Percival Yetts, 7 “For a short while at the beginning 
of the fifth century it [Tun-huang 8 ] was the capital of the 
Western Liang ” The strange gift to the king of Silla, said to 
have been sent by the Liang sovereign, probably came fiom the 
Western Liang, although there were other Liangs contemporaiy 
with Mukhocha Again we have other evidence of the presence 
of Buddhism in SiUa before 524 In 502 a Buddhist pi test, 
who was given the privilege of the Silla court, was found haling 
in the queen’s quarters This placed Buddhism under suspicion, 
so it had a precarious existence m Kyungju until its revival at 
the later date 


The Founding of the Cave Chapel 

The story of Mukhocha is continued and much detail is 
added to the foregoing narrative Mukhocha was said to be a 
messenger of Julai or Tathagata, but his action and reception 
were quite different from the experiences of Sundo and Maian- 
anda Morei, his employer and benefactor, was compelled to 
hide him m a cave, which, strange to relate, became luminous 
by his presence Even the garden outside became enchanted 
ground Flowers of wondrous fragrance bloomed m midwinter 
and a peach tree glowed .with five-colored blossoms After the 
cure of the king’s daughter, according to the extended account, 

1 Outlines of Chinese History, la Ung Bing, p 110. 

1 Journal the Royal Asiatic Society, 1021, p 136 

1 The ate of the famous Cave of the Thousand Buddhas in which 
valuable Manwhaean documents were recently docovered and 
of Gandharan art may be seen. 
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Mukhocha begged the king to send to China and the West for 
artists to come to transform bis cave dwelling into a chapel for 
the gods They came and forty years were Bpent in fashioning 
the circular crypt and in carving the beautiful Btone images to 
illustrate the religion of Mukhocha 

The Pictures of the Cave • 

The Approach to the Cave (Plate II, Fig 1) The Cave faces 
the rising sun The flight of stone steps leading to the open 



entrance here appears m ruins. The dilapidated extenor has 
recently been repaired at the expense of the Government General 
of Chosen 

' For some of the photographs I am indebted to Mr. B H. Under¬ 
wood of Seoul. Others are reproductions from postcards and commercial 
prints. The hat is merely representative and is in no wise complete. 
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The Vaulted Ceiling (Plate II, Fig 2) The heavy roof is 
supported by a groined stone arch This photograph of the low 
dome-like ceiling portrays the very ingenious locked stonework 
that has stood the test of fifteen centuries 

Diagram of the Cave (Fig 1) On the walls of the entrance 
are carved fourteen figures, six generals, four spiritual guardians 
or deva kings, and four guardian demons. Within the Cave sits 
the Buddha with fifteen surrounding bas-relief figures The 
arrangement by fives has not previously been noted in the 
entrance are two groups of five, one on each side, clearly marked 
by the structure; within the Cave are three groups among the 
major bas-reliefs, two of masculine and one of feminine figures, 
also ten figures or two groups of five in the mches above the 
figures represented in the diagram, and a final group not so 
well arranged, composed of the Buddha and the four spiritual 
guardians. 

Entrance Figure (Plate III, Fig 1) The side view illustrates 
special features of the face The broad flat outline, with little 
or no cavity for the eyes, is especially noticeable 

Spiritual Kings or Guards (Plate III, Fig. 2) The heavy 
armor represents transcendent power Demons are put to flight 
or trampled under foot. 

The Buddha (Plate IV, Fig. 1) This is the stone image of 
Buddha so enthusiastically admired by Madam Gordon. The 
elongated ears and urea of the forehead of the Indian ascetics 
are retamed The two guardian demons and the magnificent 
state of neglect and rum are worthy of note. 

Feminine Figures One and Two (Plate IV, Fig 2). Interest 
centers in the feminine figures, which embody the chief exotic 
elements They are excellent examples of the Gandharan or 
Hellemstic-Indian sculpture, which reached fhe height of its 
grandeur in the fifth century. This pair stands at the left of 
the entrance and a corresponding pair at the right The elon¬ 
gated nimbus of the first, sometimes called ‘boat-shaped,’ and 
the circular nimbus of the second are clear, but other details 
are not well defined 

Masculine Figures Three and Four (Plate V, Fig. 1) Stand- 
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mg next to the preceding pair are two masculine figures. Racial 
differences characterize the group represented by these two All 
wear long sacerdotal robes, while the first appears to be per¬ 
forming some priestly function 

Masculine Figures Twelve and Thirteen (Plate V, Fig 2) 
Originally these figures and tl*e preceding group were colored 
to indicate representatives of the different races The various 
styles of foot-gear of the men are quite as interesting as the 
different styles -of headdress of the women 

Feminine Figure Fourteen (Plate VI) “A majestic, queenly 
Woman ” The Gandharan art is here seen at its best We 
have the finely chiselled feature's, the graceful lines of the 
drapery, beautifully formed arms, and delicate hands Special 
prominence is given by means of the lotus on which she stands 
The interpretation of the symbolism of this figure constitutes 
the crux of the problem Note the halo, the garment, the 
pendants, the crown and the cup. The cup as a special 
religious S 3 r rnbol is foreign to Buddhist art, but occupies a 
prominent place in Christian symbolism, and, as we shall 
point out later, it has unique significance in Mamchaeism. 

Feminine Figure Fifteen (Plate VII, Fig 1) The last bas- 
relief follows the preceding and stands just at the right of the 
entrance The boat-shaped halo, headdress and peculiar rod, 
are very similar to the corresponding figure at the left of the 
doorway 

77ie Upper Niches (Plate VII, Fig 2) Above the fifteen wall 
figures arc ten niches containing smaller figures, two of which 
are reproduced The half-rcclimng posture or dreaming attitude 
of the one at the left should be noted. 

THE APPROACH TO THE PROBLEM 

The date of the original hypothesis of Mamchaean influence 
and the early stages of the work may be given by quoting a 
letter of December 20, 1921, to Mr H H Underwood, Seoul, 
Korea, who has kindly cooperated in obtaining material. 
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The hytxithesia of Nestonan Christian influence to explain the non- 
Buddhistic imagery and symbolism of the Kyungju Cave Chapel was not 
convincing to rw, but insufficient knowledge of the subject and luck of 
time to devote to it prevented me from looking for any other method of 
interpretation Recently, impressed with the striking survivals of sun 
worship m the cave temple — its cryptic character, its orientation to the 
east, its nimbus-crowned figures and the "luminous” terms employed — 
I thought that this clue might lead to a new interpretation of the foreign 
elements Accordingly I made a brief survey of Mithraism, the most 
popular and wide-spread religion of that kind during the early Christian 
era Nearly all the symbols of fhe cave are found m Mithraic art the 
“ceremonial 10 objects” find a natural place, as the rite of baptism was 
performed and u sort of communion using water or wine was celebrated m 
the subterranean Mithraca However, the feminine figures did not ap¬ 
pear to fit well in this interpretation, although some examples may be 
set n m Franz Cumont, TexUs et Monuments Figuris Rdatifs aux Mystkren 
de Mithra Also the omission of the most frequent theme, Mithra slaying 
the sacred bull, was noticeable, although the Buddhist setting would ac¬ 
count for its absence The clue seemed to tic leading somewhere, so 
Manichacism was attacked 

Mantchaeism was the logical successor of Mithraism, not through 
organic relationship, but through the syncretism of its founder, Mam, who 
taught a mixed product of Christian-gnostic principles, Zoronstnan doc¬ 
trines from which Mithraism may tie traced, and other pagan ideas A 
little reading in that field appeared to indicate real progress I cannot go 
into detail, but will give two passages to show the nature of the resem¬ 
blance found between Mamchocan teaching and the Kyungju imagery and 
symbolism A complete description of Mamcliaean rites and eiremonies 
and an exposition of its complex theogony, compared with a descriptive 
catalogue of all the images and symbols of the cave temple, would be 
necessary for a full treatment of the subject 

There is a subterranean scene recurring in various forms, sometimes 
almost defying analysis, a mixture of cosmogony and theogony, physical 
and spiritual elements intricately interwoven A related theme is enacted 
in the following description of the departure of the soul of a true Mam- 
chaean, or rather his return to the Paradise of Light from a subterranean 
abode Note the resemblance to the feminine figure of Kyungju with 
crown, garment and cup, 

“The Fust Man sends to him a 'shining god of light* m the form of 
‘the Wise Guide* accompanied by three other gods and with them 'the 
bowl of water, the garment, the fillet for the head, (be circlet, and the 
crown of light ’ With them comes the virgin who is like to the soul of 
the just one There also appears to him the devil of greed, that of pleasure 
and others Directly the just one who is dying sees them, he calls to ha 
help the goddess who has taken the form of the Wise Guide and the three 
gods, her companions They draw near to him and at the sight of them 
the devils turn and flee Then the gods take the Just One, do on him 
the crowns and the garment, put m his hand the bowl of water, and 

10 So styled by Madam Gordon. 
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mount with him to the Column of Premies in the sphere of the Moon, to 
the First Man and to Nahnahu the Mother of Life until they reach the 
place m the Paradise of Light he occupied m the beginning ” 11 Thu 
may not be the exact scene represented m the Kyungiu crypt, but the 
resemblance clearly indicates a clow relationship. 

One more quotation must suffice 

“Mamchaean deities arc represented like Bodhisattvos sitting cross- 
legged on a lotus Mam receives the epithet Julai or Tathagata as m 
Amida’s Paradise, there are holy trees bearing flowers which enclose beings 
styled Buddha the construction and phraseology of Mamchaean books 
resemble those of a Buddhist Sutra ,,a You remember the picture of the 
Kyungju Buddha sittmg cross-legged on a lotus describes him well 
Then Mukhocha was said to be a messenger of Julai or Tathagata, a name 
that was applied to Mam in Central Asia, as well as to Buddha I do not 
know that it was restnoted to these two persons, but its application to 
Mam supports the theory that the black monk bringing ideas, some of 
which arc entirely non-Buddhistic and decidedly Mamchaean, was m 
reality a messenger of Mam The holy trees bearing flowers are also promi- 
roent m the tradition concerning Mukhocha and may lie related to the 
perfumed garden of the Zoroastnans, or to the Five Trees of the Treasure 
House of the Gnostics 

Concerning the symbols used m connection with the virgin representing 
the soul of the Just One, no clear interpretation of their significance has 
been found Legge (Vol II, p 187) makes the following suggestion from 
the Piahs Sophia 11 14 the cup of perception and understanding and wisdom 
which will make the soul seek after the mystenoB of light, on finding which 
it will inherit light eternal, the garment of the heavenly nature with which 
the soul had to be clothed before it oould ascend to the upper spheres of 
light, and the crown of protection against the spirits of evil ” As Mam 
was acquainted with Gnostic doctnnes and drew largely from them, it may 
be that this explanation is sufficient 

THE HYPOTHESIS APPLIED 

We ahall now test our hypothesis by applying Mamchaean 
teaching to explain special features of the Cave Chapel. We 
shall consider the grouping by fives, the ten niches, the feminine 
and masculine figures and the central imago 

The Grouping by Fives 

Many of the ancient peoples regarded the number five as 
sacred to the Ood of Light. In the Mamchaean pantheon it 
u F Legge, Forerunners and Rival* of CknehanUy, Vol II, p. 300 
u Sir Charles Eliot, Htndmem and Buddhism, Vol III, p. 210 
11 A Gnostic work whioh escaped the orthodox-making process of the 
ehureh fathers. 
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occupies a place of prominence, not with reference to the 
supreme gods, which constitute a triad or a pair of triads, but 
in connection with the Members, Powers, Aeons, and Angels of 
Light The Manichaean system is duahstio, consisting of two 
eternal spiritual kingdoms, light and darkness, ruled by two 
beings opposite in nature and separate m origin, each with a 
host of subordinates Various names are ascribed to these gods 
in the early Christian and later Mohammedan writings and in 
the Manichaean texts recently discovered at Turfan and Tun- 
huang The God of Light or King of the Paradise of Light is 
the supreme being, the first person of the Manichaean trinity, 
who dwells in eternal Light The second member is the Spirit 
of his Right Hand, sometimes styled the Mother of Light or 
Mother of Life, whose dwelling was the moon The thud person 
is the Primal Man, whose abode was the sun 

The God of Light has five members, intelligence, knowledge, 
thought, feeling and reflection The Primal Man also has five 
members or powers, mild zephyr, cooling wind, bright light, 
clear water and quickening fire, who dwell in the kingdom of 
air between the kingdoms of light and of darkness These are 
the spiritual essences of the five physical elements, ether, air, 
bght, water, and fire The Mother of Life does not have 
similar members. The God of Darkness has five powers, smoke, 
flame, darkness, scorching blast, and cloud In a long struggle 
the Demon of Darkness overcame the Primal Man and dragged 
him down into the realm of darkness and the elements became 
inextricably intermingled After the catastrophe the King of 
the Paradise of Light intervened by calling forth new Aeons, 
or Angels of Light, who succeeded in overthrowing the Powers 
of Darkness • 

« The number five appears again m tho five *orders of Mam- 
chaeism (1) the teachers or masters, sons of gentleness, (2) the 
administrators, or sun-enhghtened, sons of knowledge, (3) the 
elders or pnestB, sons of intelligence, (4) the elect, perfect or 
true, sons of discretion or secrecy; (5) the auditors or hearers, 
sons of enquiry or discernment. 

Mam or Manes (216-275), Ambassador of the Light, also 
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styled the Great Tree, was the founder of Mamchaeism and the 
head of the first order He was a native of Babylonia, hiB 
father’s name was Fatak and his mother, “Lady Mary,” is said 
to have been a Parthian princess Educated in the religions of 
his day, he received illumination in his thirteenth year Later 
he attempted to harmonize the doctrines of all religious teachers, 
Moses, Zoroaster, Gautama and Jesus, with the resulting system 
outlined above He liegan his teaching about the time of 
Ardeslnr’s restoration of the religion of Zoroaster and the col¬ 
lection of the Avestan texts, which was chiefly for the political 
purpose of binding together the newly-founded Sassamd empire 
At first he met with royal favor, but the older Persian nobles 
preferred orthodox Zoroastrianism, and secured his banishment 
He visited India, Turkestan, Thibet and China, gaintng many 
converts He returned to Persia and was put to death m 
275 a d nis followers suffered fierce persecution, but spread 
eastward and westward propagating his teachmgs, an attempted 
syncretism of all religions with in Avestan background 

Little is known concerning the higher orders of Manichaeism, 
as it was not only a religious organization, but also an effective 
secret society In Acta Archelm the founder of the system was 
a slave who took the name Manes He is said to have sent 
out Thomas, Hermas, and Addas, with special commissions 
Although the story has usually been discredited, some confirma¬ 
tory evidence has been found recently at Tun-huang, in the 
form of a sort of allocution addressed by Mam to Addas copied 
in Chinese 14 The fourth order, sons of discretion or secrecy, 
was the missionary order, composed of both men and women. 
They were compelled by ordinance not to remain in one 
place, but t<f travel continually through all lands If Muk- 
hooha, the black monk, belonged to this order, the sons of, 
secrecy, the mystery surrounding his actions and the uncer¬ 
tainty of lus whereabouts are readily explained As members 
of the order could not hold property or other possessions, the 
reason for giving to Morel the presents received from the king 
is apparent 

u F Legge, Forerunner* and Rtvaii of Chntbantly, Vol II, p 382. 
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The strange gift received by the king of Silla, said to have 
come from the Liang sovereign, looks like clever propaganda 
The Chinese characters for the so-called incense are literally 
'eye-sun/ as given by Madam Gordon Koreans of the present 
day hesitate to admit the meaning and arc quite as baffled as 
they were at the time of Mukhocha Yi Nung IIwa uses another 
combination of characters to express incense, perhaps taking 
them from a different account In the Vedas the eye of Mitra 
is the sun and we find this interesting passage 16 “What the 
sun anil light are to thus visible world, that are the supreme 
good and tiuth to the intellectual and invisible universe, and 
as our corporeal eyes have a distinct perception of objects en¬ 
lightened by the sun, thus our souls acquire certain knowledge, 
by meditating on the light of truth which emanates from the 
Being of Beings that is the light by which alone our minds 
can be directed m the path of beatitude ” 

The appropriation of this sacred truth and the association 
of the mystic phrase, 'eye-sun/ with some foreign fragrant 
substance by Mam would be in keeping with his synthetic and 
secret system To him light and good are not merely analogous, 
they are identical* Darkness and evil are one and the same 
The physical and the ethical are not distmguishable Redemp¬ 
tion consists in freeing the imprisoned light from the darkness 
The fifth or lowest order were the auditors Saint Augustine 
(354 -430) belonged to this order for nine years w Among the 
Tun-huang Mamchaean texts is the Khuastwmft, the confession 
prayer of an auditor In this we find that “It was a prescription 
to pray every day of the Moon-God^to God, to the Law, and 
to the Electi ” Each one of the fifteen articles is a combination 
of profession of faith, confession of sms and repentance The 
last one closes with the words “To the resplendent Gods, to 
the Majesty of the Law, to the pure Electi, cleansing ourselves 
from sin I do we pray our sms remit.” 17 In accordance with 

u H A. Giles, fUkgums of Ancient China, p 137 
* O’Conner, DtnertaUon , 1921, p 7 St Augustine's Confmum*, Book 
m, Section 6 

” Journal of the Royal AetaHe Society, 1911, p 299 
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this prescription and this example Mukhocha, the founder of 
the Cave Chapel, enjoined prayer “to the gods, who are no 
other than the three Precious Ones, the first is Pulta, the 
second is Dharma, the Law, and the third is Seungja, the Holy 
Ones.” 

The number hvc recurring in the Manichaean system in 
these numerous ways and in others that might be mentioned, 
aB the five classes of living creatures and five kinds of herbs 
and trees, which must not be injured on account of the inherent 
light, together with the ingenious grouping by fives in the Cave 
Chapel and other use of that number by Mukhocha, as the five- 
colored blossoms of the tree of immortality, strongly supports 
our hypothesis of Manichaean influence. 


The Ten Niches 

This appears like a logical contmuation of the grouping by 
fives Ten also corresponds with the tenfold heaven of the 
Mamchaeans, as given in the Khuastuamft The niche scenes 
may be intended to represent the steps by which an auditor 
could become a perfect by successive transmigrations. The soul 
must pass into the bodies of men and of animals, and during the 
intervals of time remain in a state like that of a sleeping man 
who is visited by dreams The figures m the niches assume 
different attitudes including the one m a sleeping posture previ¬ 
ously mentioned, and another of peculiar form, probably ani¬ 
mal, and all together they seem to indicate the process of 
transformation. 

The ten commandments of the Mamchaeans taken in relation 
to their three (or four) seals also illustrate the tendency to 
adhere to a system of fives. Saint Augustine gives three seals, 
one of the mouth, one of the hand, and one of the heart. In 
eastern Mamchaeism a generalizing fourth is found. Of the ten 
commandments three are kept with the heart, three with the 
mouth, three with the hand, and the tenth with the whole self. 
This interprets the phrases applied to a perfect,—good thoughts, 
good words, good deeds, and good religion. 
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The Femtmnc Figures 

The kingdom of Silla signally honored women, having three 
queens as rulers, quite different from the customary Oriental 
practice. Also priestesses performed important functions at the 
four seasons when sacrifices were offered to the royal ancestors 
During the reign of Nam-hai, the second ruler, his sister, Aro, 
presided at the sacrifices for King Hyuk-ku-sei, the founder of 
the kingdom 

Among the Cave figures we have already mentioned the 
Virgin of Light with crown, garment and cup, who represents 
the soul of a Mamchaean perfect This scene came from Zo¬ 
roastrianism. On account of its fundamental significance in 
relation to the interpretation of the Cave figures we quote at 
length from two accounts as given m the Avesta 

The thirtieth question is that which you ask thus When a soul of 
the righteous goes on to heaven, in what manner does it go, also, who 
receives it, who leads it, and who makes it a household attendant of 
Auharmazd? Also, does any one of the righteous in heaven come out to 
meet it, and shall any thereof make enquiry of it, or how? Shall they also 
make up an account as to its sm and good works, and how is the comfort 
and pleasantness in heaven shown to it; also what is its food? Is it also 
their assistance which reaches unto the world, or not? And is the hunt of 
heaven manifest, or what way is it? 

The reply ib this, that a soul of the righteous steps forth unto heaven 
through the strength of the spirit of good works, along with the good spirit 
which is the escort of the soul, into its allotted station and the uppermost 
which is for its own good works, along with the spiritual good works, 
without those for the world, and a crown and coronet, a turban-sash 
and a fourfold fillet-pendant, a decorated robe and suitable equipments, 
spiritually fiyrng unto heaven, or to the supreme heaven, there where their 
place is u w 

The following selection is taken from Yast XXII 20 

Zarathustra asked Ahura Masda “O Ahura Maid*, most beneficent 
Spirit, Maker of the material world, thou Holy Onef When one of the 
faithful departs this life, where does his soul abide on that night?” 


u Sacred Booke of the Boat, VoL XVIII, Pahtan Teste (edited by 
& W West), Part II, p* 63. Oxford, Clarendon Press, 1882 
u The entire reply is not quoted. 

M Sacred Books of the East, VoL XXIII. The Zend Avesta (edited 
by T. Darkeateter), Part II, p. 316. 
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Ahum Mazda answered “It takea its seat near the head, singing the 
Ustavaiti Oat ha and proclaiming happiness ‘ Happy i» he, happy the man, 
whoever he be, to whom Ahura Mazda gives the full accomplishment of 
his wishesOn that night his soul tastes as much of pleasure as the 
whole of the living world can taste ” 

“On the second night >\ here docs his soul abide? " [The same answer is 
given] 

“ On the third night where does hra soul abided " [After Ahura Mazda 
had repeated the same words as above, the text continues ] “ At the end of the 
third night, when the dawn appears, it seems to the soul of the faithful 
one as if it were brought amidst plants and scents it seems os if a wind 
were blowing from the region of the south, from the regions of the south, 
a sweet-scented wind, sweeter-scented than any other wind in the world 
And it seems to the soul of the faithful one os if he were inhaling that wind 
with his nostnls, and he thinks 1 Whence does that wind blow, the 
sweetest-scented wind I ever inhaled with my nostnls?' And it seems to 
him as if his own conscience were advancing to him m that wind, in the 
shape of a maiden, fair, bnght, white-armed, strong, tail-formed, high- 
standing, thick-breasted, beautiful of body, noble, of glonous seed (from 
the gods), of the sue of a maid m her fifteenth year, as fair as the fairest 
things w the world ” 

And the soul of the faithful one addressed her, asking “What maid 
art thou, who art the fairest maid I have ever seen?" 

And she, being his own conscience, answers him “O thou youth of 
good thoughts, good words, and good deeds, of good religion, I am thy 
own conscience! 

“Everybody did love thee for that greatness, goodness, fairness, 
sweet-scentedness, victorious strength and freedom from sorrow, m which 
thou dost appear to me, 

“And so thou, O jouth of good thoughts, good words, and good deeds, 
of good religion! didst love me for that greatness, goodness, fairness, sweet* 
scentedness, victorious strength, and freedom from sorrow, m which I 
appear to thee When thou wouldst see a man making dension and deeds 
of idolatry or rejecting (the poor) and shutting his door, then thou wouldst 
sit singing the Gathas and worshipping the good waters and Atar, the son 
of Ahura Mazda, and rejoicing the faithful that would come from near or 
from far I wcus lovely and thou modest me still lovelier, I was fair and 
thou madest me still fairer, I was desirable and thou madest me still 
more desirable, I was sitting m a forward place and thou madest me sit 
in the foremost place, through this good thought, through this good 
speech, through this good deed of thine, and so henceforth men wor¬ 
ship me for my having long sacrificed unto and conversed with Ahura 
Mazda." 


The wicked soul is met by “a profligate woman, naked, 
decayed, gaping, bandy-legged, lean-hipped, spotted, like the 
most noxious creature, most filthy and most stinking.” 

The beautiful maiden of the Avesta representing the /ro- 
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vatsht 21 of a faithful Zoroastnan became the Virgin of Light 
representing the soul of a Mamchaean perfect Little trans¬ 
formation was necessary The details of the Avestan description 
include “a crown and coronet, a turban sash, a fourfold fillet- 
pendant, a decorated robe and suitable equipments ” The Man- 
lcliaean description given by Lcggc includes “the bowl of water, 
the garment, the fillet for the head, the circlet, and the crown 
of light ” The cup seems to lie the only essential contribution 
One meaning of the word Mam, which is cup or vessel, is sug¬ 
gestive Evidently the cup had great significance in the secret 
mysteries The close correspondence lietween the Avestan 
maiden, the Virgin of Light, and the Kyungju feminine figure 
with crown, halo, pendants, garment and cup, makes the identi¬ 
fication seem unquestionable 

Concerning the stgmficamc of the cup, a suggestion may be 
made from the A\esta “On the arrival of dawn (the third 
night after death), the treasurer of good works hke a handsome 
maiden comes out to meet it (the soul) with the store of its own 
good works ” Also among the equipments brought by the good 
spirits in the sunrise scene are “ the spiritual good works, without 
those for the world ” Is it not quite probable that the cup held 
in the hand of the personification of hiB good thoughts, good 
words, good deeds, his good religion, is the symbol containing 
the imperishable or spiritual part of the good works of a perfect 
Mamchaean? It then acquires the added significance of the 
vital spiritual part of the departed, which is a second meaning 
of the name given to the founder of the system, Manes, the 
spirits of the departed This provides a coherent explanation 
of the two apparently unrelated meanings, cup and spint The 
physical analogy accounts for the flowers enclosing “Buddhas'* 
(not mortal ones), growing on the trees of immortality, and for 
the epithet, the Great Tree, which was also applied to Mam 

The central feminine figure of the Cave, a Kwannon, stands 
behind the image of Buddha, and wears a crown in which were 

■ Avestan name of a spiritual being, conceived as a part of a man’s 
personality, existing before his birth, dwelling with Ahura in life and 
united with the soul at death 
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set m niches ten (?) small heads, one of which has been removed 
In her hand is the usual vase of ambrosia of the Chinese Kuan- 
ym This figure appears to be a more refined type than the 
later images with eleven heads and a “thousand’' amis. The 
origin of the many-headed being (not always eleven) is the 
legend of Avalokita “May my head split asunder, if I fail m 
my vow to save beings.'’ In Hastings’ Encyclopaedia of Religion 
and Ethics we find that “The identification of Avalokita with 
the Sakti (female deity) par excellence, ie., with the personi¬ 
fication of the cosmic female energy, shows that the Chinese 
transformation of Avalokita into a woman had probably been 
effected in India ” Tlus gives a sound basis for identifying this 
transitional type of female Kwannon** as the Mamchaean 
Mother of Life As that person of the trinity is present in the 
scene of the departed soul, her image in the Cave was expected 
upon the basis of our hypothesis. 

In addition to the Mother of Life and the Virgin of Light, 
the goddess who took tho form of the Wise Guide and other 
light deities appear in the scene of the soul. The feminine 
figure standing by the Cave entrance at the side of the Virgin 
of Light may be the Wise Guide. The boat-shaped halo indi¬ 
cates the ability to sail the regions of light. The torch-hke 
object carried may represent the rod of the Soul Guide with a 
function similar to that earned by Mercury 41 One is tempted 
to turn aside to trace resemblances with the Grecian mysteries 
and with the older ones containing subterranean scenes. Ishtar 
descends to the lower world, where she is imprisoned, afterwards 
released, washed m the water of eternal life, and garments be¬ 
stowed. Osins was restored to life and immortality, aeons 
bnngmg vases of fresh water, he was purified by libations and 
fumigations, then fed, adorned and crowned. 

There is a dose correspondence between the pair of feminine 
figures, one at the left and the other at the right of the entrance. 
In this connection attention may be called to the “Twin 
Saviors” of the Pistis Sophia, whose duties are not defined. Also 

" Usually masculine m Korea. 

" Ernest Renan, Eludes d’Hutoire Rtkgunue, p. 89 
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two (or one) unidentified deities of the Khuastuamft, Kroshtag- 
Padwaktag, deserve mention The translation of the passage 
regarding them and its realm gave difficulty to Le Coq The 
deities arc unquestionably “Light Bearers ” The pair of similar 
feminine figures of the Cave are assisting light deities and may 
be related to the ones not dearly identified in the Khuastuamft 
In the Avesta water and food are prepared for the departing 
soul The Cave figure at the left carries a vase or water bottle 
The one at the right holds two small objects that may represent 
the sacred cakes If so, we find even the smallest details assum¬ 
ing definite meaning on the basis of our hypothesis®* 

The Masculine Figures 

Regarding the ten masculine figures, a single sentence from 
the sunrise scene is sufficient “The souls of the righteous are 
gathered together there ” 

The Central Image 

Upon the basis of our interpretation the central image of 
the Cave represents the Primal Man, who was also present in 
the Avestan scene The Mamchaean propagandists changed the 
name of their gods to identify them with the deities of the 
oountnes to which they went. This applied especially to the 
Pnmal Man. In North Africa among the Christians he was 
Jesus patibilis, m China he was the One, Great and Holy, in 
Persia he became Ormazd, in the Turfan texts, Zervan or Time, 
in the Khuastuanift, Khormuzta, the Youth In this way the 
Mamchaean beoame all things to all. men and could pose as a 
good Christian, a good Zoroastnan or a good Buddhist In the 
Cave Chapel the Primal Man became Sakya-yurai and is repre¬ 
sented by the beautiful central stone image sitting on the lotus 
throne 

The Mamchaean Khormuzta is identical with the contempo¬ 
rary Persian Ormasd, the real god of the Sasaamd period Ac¬ 
cording to Hastings, he is “the One who was, who is and who 

M The double-headed five-pronged thunderbolt suggests the function 
of Vajnn m the struggle against the demons. 
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shall be ” He is omniscient, omnipotent, perfectly good, benefi¬ 
cent to all, benevolent and merciful He foresees the struggle 
with Ahriman, the Demon of Darkness, and final victory His 
dwelling place is eternal and boundless light As god of the 
supreme law of justice and truth he desires all men to follow his 
path practising good words, good thoughts and good deeds, 
rejecting the works of the evil spirit, so they can reach the 
kingdom of blessings which is the reward of the jUBt in this life 
and hereafter 


A FINAL QXJKSTION 

One question remains to be considered How,did Gandharan 
art reach Korea as early as the fifth century? This type of 
stone sculpture was developed in Gandhara, a provmoe of north¬ 
west India, during the early Christian era and reached the 
height of its grandeur m the fifth century The main stream of 
its influence was limited to Buddhist art and passed through 
Persia, Turkestan, and Chma, reaching Korea and Japan in the 
seventh century Sir Aurel Stem established the Persian link, 
when remains dating back to the Sassanid period were dis¬ 
covered, In the caves of Turf an and Tun-huang in Chmese 
Turkestan are many examples of Gandharan statues, although 
few are earlier than the Tang period This art reached Chma, 
however, as early as the fourth century, when General Fu Chien 
(337-384) brought forty thousand Turkic families to hts capital, 
P’ing Ch’eng 86 It became the chief influence in the stone 
statues and bas-reliefs in the grottoes of Yun-kang, and modified 
by Chmese artists it was the chief factor in the Lung-men 
statues, and it left a permanent impression upon the Tang 
period (618-907) 

In India at the beginning of the fifth century, the golden 
period of the Guptas (320-480) was at its height. Literature, 
art and science flourished. Numerous embassies were sent over¬ 
land as far as Chma. There was a continual stream of Buddhut 
pilgrims along this well-traveled route. Kumarajiva reached 
China m 383. Marananda arrived in Pakche, the kingdom ad- 
* John C. Ferguson, Outltnea of Chiiuue Art, p. M. 
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joining Silla, m 384 The Chinese pilgrim, Fa Hsien, returned 
to China in 414 after an extended tour through Central Asia 
and a lengthy sojourn m India 

The arrival of Mukhocha in Koguryu from India, Persia, or 
Turkestan, is readily explained, and his acquaintance with Gan- 
dharan art would naturally be expected His request to send 
to China and the West for artists was in keeping with the 
condition of the times, as the descendants of the Turkic families 
in P’ing Ch'eng could supply the demand Figures of a black 
monk are frequent m the Turkestan and Chmose grottoes, so it 
does not seem necessary to attempt to trace a separate racial 
descent of Mukhocha, the black monk of Silla The discovery 
of Manichaean documents m Turfan and Tun-huang establishes 
the presence of this form of religion m Turkestan, the meeting 
point and melting pot of ancient eastern and western civili¬ 
zations On account of the large number bf these early writings 
Eliot thinks that Turfan had an old and close connection with 
the west, suggesting the possibility that Mam may have preached 
there himself After the tragic death of Mam upon his return 
to Persia, the persecution of lus converts sent them east and 
west secretly preaching his religion This practice continued 
several centunes 

Posing as a Buddhist pilgrim with a syncretic and adaptable 
religious system, Mukhocha could easily have passed through 
Central Asia, China and Korea, seeking a place in which he 
could propagate his religious views With the vision of the 
sunrise scene of the soul guiding him toward the land of the 
rising sun, he was led to the mountain site near Kyungju. 
There, where he could witness the majestic splendor of the 
dawning of the day above the Eastern Sea from the open door 
of his cave abode, and breathe the sweet perfume of the flowers 
of his hillside garden, he sat in mystic contemplation There, 
with the aid of Western artists, he depicted m beautiful form 
out of the solid rook the symbolic images and figures representing 
the soul at the dawn of eternity faoing the ultimate realities of 
life. 


UNivi>asH% or Michigan 
























-"m.. 






FOSSIL LORE IN GREEK AND LATIN 
LITERATURE 

eugene s McCartney 

I 

The word fossil, which is of Latin extraction, is a derivative 
of the verb focko, fodere, ‘to dig ’ The Latin form fomle is a 
translation of the Greek orukton, which means ‘dug’ The 
Greek original seems to have no technical atmosphere about it, 
so that in rendering Greek authors who speak of fossil fish 
translators sometimes use the expression ‘underground fish’ 
In a lake dear Ruscino in Gallia Narbonensis people caught 
mullets (?) by digging down two or three feet and then plunging 
in a trident The fish caught in this way were called ‘dug 
mullets ’ 1 The adjective is the same as the one in use for fossil 
fish. The Roman could speak of ‘fossil salt’ in the same way 
that he spoke of fossil animals. 1 

The Greeks and Romans naturally had many opportunities 
to examine fossils. Several of their temples are built of a 
shelly limestone and of course the beauty of many of their 
marbles, of which they were very fond, was greatly enhanced 
by fossils replaced by crystals.* In the classical countries fossils 
at times obtrude themselves upon one’s notice Just outside of 
Rome on Monte Mano I found many fine specimens of bivalves 
as large as the palm of one’s hand. At Corneto one can still see 
m the fields shells as large as the crown of the head 

Along the Anio River in the depoeits of travertine left by 
the overflow of the stream there are countless impressions of 

> State, 4. L A Cf. Lucian, Ven Bittoria, 2.2. 

* FouUt *al, mu, N«L BiH., 27.1481 

• For sachet hmmm to fassOs la buildings, cm Xen., A«m 6., 2. A10; 
Aristophanes op. PbiL, 7.100, FbUostatu*, ViL AptXL, 2.90; Roqrcfaiua, 
a v, Kaygrikte fctt*i. 
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twigs and leaves The water is so saturated with calcareous 
matter that one can almost make unpressions to order The 
quarries below Tivoli, which were used to provide building stone 
for ancient Rome, are still being worked Here it takes but a 
few days for an incrustation of lane to form about a twig placed 
in slowly tnckhng water 

So strange an occurrence as the finding of mineralized re¬ 
mains of animals would naturally stimulate any imaginative 
people to speculate about their origin The discovery of impres¬ 
sions of fish in the earth led the Greeks to formulate some peculiar 
theories about them Aristotle says that many kinds of fish 
live in the ground, but without moving, and that they are found 
by digging 4 Wo learn from Aristotle's literary executor, Theo- 
phiastus, that fossil fish occurred in Paphlagoma Since there 
was no water in the neighborhood and since the fish could not 
have had access to one another, he concludes that they were 
generated spontaneously 6 According to him, these fash have 
their own habitat and their own peculiar nature, just as do the 
species found m sea and river* The idea that fish were born 
spontaneously required no stretch of the imagination for a 
Greek There were many kinds of fish, small animals and 
insects whose origin was accounted for m this way Pliny 7 
comments in regard to these fish that unless they have the same 
nature as creatures that live in the earth they make much less 
wonderful the subterranean existence of the mole 

We are told that fossil fish were found in a plain between the 
Pyrenees and the Narbo 8 In Heraclea and m Pontus there 
were 'dug* fish which were unearthed along rivers especially and 
in moist places Their presence m the earth was resourcefully 

4 De Respirattone, chap 0 

• Pliny (Nat Hist , 36 134) tells us that Theophrastus believed that 
there were stones which brought forth young, that bones were bom from 
the earth, and that ‘bone stones/ lapides ossei, were found Darwin was 
amused to find people in South America discussing whether the fossil 
shells he had been collecting were “bom by nature ” See The Voyage of the 
Beagle (Everyman's Ltbrary) t p 338* 

• Frag 171 11-12 of Pseudo-Aristotle, De Mirab Auee , 74 

• Nat Hut , 0* 178 

• Polyb, 34 10 cf Athen , 8 4. 
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explained As some regions were drying up, the fish gradually 
followed the moisture tfown into the mud, when the earth had 
become dry, they remained in the moisture of the mud, in a 
lair, as it were But whenever they were excavated before the 
return of the water, then they would move 9 

On one occasion when the Romans were expecting a war with 
Macedon, there were several prodigies, among them the emer¬ 
gence of fish from the ground as the furrows were being turned 10 
There were ancient stories about people going fishing with 
mattocks, but our informant is careful to add that not every 
one believed that fish were dug instead of being caught n 
Peoples other than the Greeks have concluded that animals 
might live under thq ground During his travels in South 
America Darwin was' shown some bones of mastodons m a 
cave From the position of the foBsil remains, the natives had 
conjectured that they belonged to burrowing animals 12 

In northern latitudes of eastern Asia, teeth and bones of 
mammoths have been found embedded m cliffs and banks of 
nvers Local geologists (or mythographers) formulated their 
own theory to account for them They concluded that the earth 
was the natural habitat of certain creatures, and they tell of 
having seen the surface of the earth disturbed when the crea¬ 
tures moved beneath it If by any misadventure the* animals 
broke through and saw the light of day, at that very moment 
they died, 1 * Some Siberians believed that the horns and teeth 
of elephants belonged to colossal rats which unawares broke 
through the surface and died on coming m contact with the 
air 14 

A fossil that makes appeal to the popular imagination almost 
everywhere that it is found is the ammonite Pliny u makes 

• Pseudo-Aristotle, De Mirab Ause , 73 For other references to ‘dug* 
fish, see Athen, 8 2, Strabo, 3 42, 4 16 

»• Livy, 42 2 5, of Juv, 13 66-66 
11 Sen,, Nat Quant ,3 16.6 - 3 17 3 
n Darwin, op. cit , p 120. 

w Page 64 of Von Offers, D%e UeberrnU vorwellticher Rieaentfocre tn 
Bmishung su oHoatotuchen Sagm trod ehtnemackm Sehnftm, Abhandlungen 
dsr hoenijUohm Akademie far Wmenmhaftm (1830), 61-70 

* Von Offers, op. cU, p 64 14 Nat. Hut , 37, 167 
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mention of cornua Ammonia , ‘horns of Ammon/ that were found 
m Ethiopia / 6 and adds that they resemble horns of rams They 
had the magic virtue of bringing to one dreams of things that 
were to happen 17 In India “he who possesses a black &ala- 
grama keeps it wrapped m white linen, washes and adores it 
daily A draught of the water in which the shell has been 
washed is supposed to purge away all sin and to secure the 
temporal and eternal welfare of the drinker ” 18 

Ammonites bear a closer resemblance to coiled snakes than 
to rams’ horns and hence are frequently called 4 snake-stones ' 19 
The likeness is so real that attempts have been made to supply 
the missing heads and e?en to account for their loss At 
Whitby they served as the coat of arms of the town 20 Local 
tradition told how at the prayer of St Hilda, the abbess of 
the convent, the snakes that inhabited the precincts not only 
suffered capital punishment, but were petrified 21 A novel use 
for ammonites was made by the Glastonbury lake-village, of 
pre-Roman age, which has yielded several that were pierced as 
spindle-whorls 22 

The 'deer-horn’ stone, which so closely resembled horn that 
one could not readily tell whether it was horn or stone , 28 may 
have been a petrifaction 

w hid, Ong ,16 4 29, tells us that they occurred in Arabia as well as 
m Egypt 

17 Cf Solmus, 27 46 

u Fraser, The Magic Art*, II 26 and note Bee also Lectures on the 
Early History of the Kingship, pp 167-168 

” On ammonite lore see pages 49-60 of an article by W W Skeat 
“Snakcstones” and Stone Thunderbolts as Subject* for Systematic Investiga¬ 
tion, FoUc-Lore, 23 46-80 See also W R Holliday, Snake Stones, Folk- 
Lore, 32 262-271 

™ Folk-Lore, 17 7 

11 In Marmton, 2 13, Scott thus refers to the story 

“ of thousand snakes, each one 
Was changed into a coil of stone, 

When holy Hilda pray'd* 

Themselves, within their holy bound, 

Their stony folds had often found ” 

“ Johnson, Folk Memory, p, 149. 

“ Orphm Liiktco, p 141 (Abel’s ed) 
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The geographer Strabo 24 saw at the foot of the pyramids 
heaps of stones some of which resembled lentils in size and shape 
They contained substances like gram half peeled The local 
explanation was that they were remnants of workmen’s food 
converted into stone 26 Strabo refutes this by saying that m 
his country, Amasm, a long hill in a plain abounded m pebbles 
of a porous stone resembling lentils 

Fossilized echini have long had popular ideas associated with 
them In the Romano-British village of Rotherly, Wiltshire, 
many of them have been found 26 It would seem that their 
presence in graves is to be ascribed to some supposed amuletic 
property The Essex laborer believes that while a fossil sea- 
urchin is kept in hie home ho and his family will never lack 
bread 27 These fossils are known as thunderstones in certain 
parts of Europe They are behoved to have fallen from the 
sky during thunderstorms and to act as a protection against 
lightning If kept in an unfrequented part of the house, they 
make good substitutes for lightning-rods 28 

A fossil which Pliny 29 describes as a kind of egg had the most 
wonderful powers ascribed to it in the laud of Gaul It was 
said to be formed from the saliva and slime of numerous snakes 
coiling together The Druid version was that it was ejected into 
the air and had to be caught in a cloak before it touched the 
ground The person catching it took to horse and was not safe 
until he put a stream between himself and the pursuing ser¬ 
pents The test of its genuineness was its floating against the 
current, even when it was in a setting of gold 

The Druids praised it as bringing success in lawsuits and gain¬ 
ing one access to kings One specimen failed, however, with the 
Emperor Claudius, who put to death a Homan knight for no 
m 17 l 34 

* It is said that “that at the base of the pyramids a variety of cal¬ 
careous stone is found w detached masses, exactly such as Strabo has 
described, and appear to be the petrified remains of some unknown animal ” 
See Faleoner, The Geography of Strabo , III 252, note 1 

** A L Pifct-Rivers, Excavations %n Cranbome Chase, 2 68, 78*85 
27 Johnson, Folk Memory, p 140 

** Blwkenberg, The Thunder-weapon in Religion and Folklore , pp 77- 
85 , 05 »» Nat Hist , 20 52-54 
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other reason than his having possession of it Pliny saw one 
that was rounded and about as large as a small-sized apple 
The shell was cartilaginous and was remarkable for the number 
of its cup-shaped formations like those of the arms of a polypus 

The fossil described by Phny is generally taken to be the 
echinus, but one dissenting voice 30 says that the passage “seems 
to point to some fossil covered with Ostrea sigilhna , such as 
are common in British greensands,” 31 

There was a Greek story to the effect that the Arunaspi, 
one-eyed men whom the Greeks assigned to the northern 
branches of the Ural, were m the habit of seizing gold from 
beneath griffins 32 According to a traveler, the inhabitants in 
the Siberian tundras attribute the huge fossil bones they find to 
a colossal bird He conjectured that the Greek tale originated 
from the excavating of “gold-sand lying under the formations 
of earth and peat, which are filled with fossil remains ” 33 

In Pliny's Natural History , Book 37, there are classed as 
stones many geological specimens which would seem to be fos¬ 
sils eg, hammitis, like the spawn of fish (167), lepidotis, hke 
the scales of fish (171), mecombs , hke poppies (173) 34 , brontea, 
hke the head of a tortoise (150) 36 , nipparene , hke the teeth of 
a hippopotamus (175), syringitis, hke reeds (182), phoenictiw, 
hke dates (180), phycitis , like sea-weed (180), spongitis, hke 
sponges (182) 

Pliny (36 139) 36 notes that there were several varieties of 
ostracites, which are evidently fossil shells They were used as 
a substitute for pumice stone m smoothing the skin Applied 
topically with honey, they arrested discharges of the blobd and 
cured pains and ulcerations of the breasts * Idaoan fingerstones,’ 
which resembled thumbs, are probably belemmtes 37 (37 170) 

20 Conybeare, Roman Britain, p 70 

21 See also Brand, Popular Aniiquxtxee, % v , ovum angumum 

" Herodotus, 3 16 

« Ermaris Travels in Siberia (translated by W D Cooley), 11,87-89 

* Cf Isid, Ong , 16 15 20 

* Cf op cU , 16.15 24 

»• Cf. op oiL, 16 4 16. 

w The name ^ fingers tone' is still applied to them in modem Europe 
See C Blinkenberg, The Thunderweapon in Religion and Folklore, pp 76-77, 



Fossil Lore 


29 


Cochhdes , probably petrified shells, were used m Arabia as 
pendants for the trappings of horses (37 194) Pliny (36 134) 
speaks at second hand 38 of a white and a black fosBil ivory 
This would seem to be fossil teeth of mammals The “osseous" 
stones that he mentions (36 134) an* apparently stones contain¬ 
ing fossil bones 

An interesting fossil is the glomrpetra, which resembles the 
human tongue, according to Pliny (37 164) It does not 
originate m the earth, but falls from heaven during the wane of 
the moon It was requisite for Helenomancy Pliny distrusted 
the extravagance of the powers ascribed to it because of the 
claim that winds could be lulled by it Among the modern 
names of gfo&sopetroe are ‘tongue-stones/ ‘bird-stones/ ‘swal¬ 
low-stones/ and ‘snake-stones 9 In the seventeenth century the 
learned Dane, Nicolaus Steno, spoke of them as Glossopetrae 
Meliteiises , ‘ tongue-stones of Malta 5 40 Glossopetrae have been 
identified as sharks' teeth 41 

The ancients, too, had thunderstones ( cerauma , 42 brontea iH ) 
It was said that they were found only in places that had been 
struck by lightning 44 They had vanouH magical properties 
ascribed to them A chaste person carrying the lapis ceraumvs 
would never be struck by a thunderbolt, nor would the house 
or villa in which he might happen to lie One carrying it at sea 
was safe from bolts and squalls 46 By means of it cities and 
fleets could be captured 48 

There are several pieces of presumptive evidence which lead 
one to conclude that among these thunderstones were bclem- 
mtes 47 It would seem that some of the superstitions about such 

M See Theophrastus, De Laptdxbus , 6 37 

» Of Solm, 37 19, lad, 16 15 17 

40 See Winter, The Prodromus of Nicolaus Stmo'e Dissertation (Unit 
of Michigan Studies, Humanistic Senes, XI, part 2), p 211 

41 See Die hultur der Oegenwart (drUter Ted, vterte Abledung), IV, 344 

« Pliny, Nat Hut , 37 132, 134*135 

« Op ml, 37 150 

44 Op cU,, 37 135 44 Damigeron, 12 

41 Pliny, op ci t , 37 135 

47 See Eugene S McCartney, On Fossil Thunderstones and Ftngerstones, 
The Classical Journal, 18 425-426 
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fossils in widely scattered regions of Europe 48 have an un¬ 
broken tradition from antiquity 

The Greek and Latin literatures are replete with stones of 
the finding of huge bones. The remains have been disclosed as 
a rule through the action of ram, landslips and earthquakes, 
although other forces of Nature and the hand of man have 
aided The theones that were framed ascribed them to remote 
ancestors of the human race who were exalted both literally 
and figuratively, to idealized heroes of a few centimes prior, to 
giants, and even to monsters It would seem that whenever 
the accounts have any foundation m fact these huge bones are 
the remains of prehistoric animals. 49 

Aulus GeHius 60 asks what conclusion is to be drawn from such 
remains except that the bodies of remote ancestors were larger 
than those of contemporaries The Christian writer Amobius 81 
is impatient with those who refused to regard the bones that were 
dug up in various places as convincing proof that in days of 
old men were demi-gods and heroes with bodies huge and vast. 
Virgil 82 recounts the prowess of an ancient wamor who picked 
up and hurled as he ran a large landmark (boundary stone) 
which twelve men of later mould could scarcely have sustained 
St Augustine 63 says that these discoveries prove the great 
size of the bodies of the ancients even to ages far later Ju¬ 
venal 64 regretted that m his day the earth brought forth only 
wicked and puny men 66 

When stories record the finding of huge bones in coffins or 
tombs, it would seem that peasants or other persons had found 

4 * See Blinkenberg, loo cit 

49 “Such stones probably sometimes originated m the discovery of the 
fossil bones of large animals ” — Fraser, Panamas, II 483 See also 
Fraser, Attis, Adorns and Osins, I 157-158, and Von Ofeis, op ett 

99 Noct. Att, 3 10 11 

« 2 75 

« Am , 12 809-000 

M Do Cxv Dei, 15 0 

M 15 05 Of Solinus, 1*87 Mayor, Juvenal, II 374, gives other 
references 

** Not all the ancients wore imposed upon by these huge bones. A 
certain Phoenix says that the sue of the men of his day is sufficient evidence 
that heroes ten feet tall never existed (Philostratus, Her,, 1 1) 
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the bones of prehistoric animals and had given them the rites 
of bunal M It may not be amiss to recall that there is a tomb¬ 
stone to Pithecanthropus in Java, although the remains no longer 
repose on the island In view of the respect the ancients paid 
to the dead and their insistence upon proper bunal rites, this 
does not seem at all strange Some of the accounts, if they have 
any basis in fact, have been greatly enlarged upon 

Several interesting discoveries are recorded by Philostratus w 
He says that the Lacedaemonians found m Nemea the corpse 
of Orestes,which was seven cubits long, that when the sea 
destroyed the mound of Ajax, there were found bones belonging 
to a body eleven cubits long 59 , that dunng excavations on the 
island of Cos the earth opened exposing a body of twelve 
cubits, the head of which was inhabited by a dragon, that the 
body of Aryades, an Ethiopian or an Indian, whose rosting- 
place was exposed by a landslip on the Orontes, was thirty 
cubits long There is also a story to the effect that in digging 
the foundations of their city the Carthaginians came upon two 
skeletons, one of twenty-three cubits, the other twenty-four 60 

On the prehistoric site of Phlegra m Macedonia there oc¬ 
curred a temble fight with the giants for world dominion. Proof 
of the encounter was seen m tho finds of enormous bones too 
large to be those of human beings These were exposed when¬ 
ever there was an unusually heavy deluge of ram Ammunition 
dumps, so to speak, consisting of huge rocks for the storming 
of heaven were likewise pointed to in support of the story of 
the encounter ai 

In describing the sanctuary of the boy Aesculapius at 
Megalopolis, Pausanias 83 says “Here, too, are preserved bones 

M See Mayor, Juvenal, II 376 

<T Philostratus, Heroica, 1 2-3. See also Plut, Thee , 36 4 

* Cf Herod, 1,68; Pkn, Nat Hxst , 7 74, Cell, Noct Att , 3 10 11, 
Solinus, 1 00 

39 Compare Pausaiuas, 1.35 5, where it is said that the knee-caps were 
about the sue of the quoits used by boys m practising for the pentathlon 

M Fhlegon, Aftrob, 18 

91 Solinus, 0 6-7 Herodotus, 7, 123, says that Phlegra is the ancient 
name of Pallene, the westernmost of the headlands of Chaloidioe See the 
text to note 65. * 8 32 5 
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of superhuman size, they were said to be the bones of the 
giants whom Hoplodamus mustered to defend Rhea ” 88 Frazer 
comments as follows on this passage "They were probably 
bones of mammoths In the museum of Dirmtsana in Arcadia 
there is a large partially-fossilized bone which was brought from 
Megalopolis and which the collector calls the shoulder- 

blade of an elephant ” Frazer thus comments on Pausamas, 
8 29 1 "The localisation of the legend £of the battle of the gods 
and the giants] in the plain of Megalopolis may have been due 
to the prevalenee of earthquakes, the burning earth, and es¬ 
pecially to the finding of mammoth bones Many such bones 
arc still found by the peasants in this neighborhood, and some 
of them are now preserved in the museum at Dmutsana ” 64 

Mention is frequently made of the discovery of remains of 
giants O) of beings of gigantic stature In the trunk of a brazen 
horse which was exposed by an earthquake m Lydia, the peas¬ 
ants found a corpse which seemed too large to be that of a 
human being On a promontory of Sigeum there was brought 
to light the body of a giant, that Apollo slew for defending 
Troy It was twenty-two cubits long and so much of a cuu- 
osity that people made voyages to see it A portion of a skeleton 
with the vertebrae of the backbone disjointed, presumably by 
an earthquake, was found in Lemnos The skull was large 
enough to hold two Cretan amphorae of wine In Cos bones of 
the ' earth-born } were discovered So numerous were the bodies 
of giants that were found m Pailene exposed by rains and 
earthquakes that our informant speaks of them as bivouacking 
there* 6 

* 

•* Cf “ certain huge jaws and teeth, found in excavating on the 
Hoe at Plymouth, were recognised as belonging to the giant Gogmagog, 
who in old times fought his last fight there against Cormeus, the eponymic 
hero of Cornwell ” — Tylor, Primitive Culture * (1888), I 387 

M For other taloB of monsters and giants associated with the finding of 
huge fossil bones, see Tylor, Researches into the Early History of Mankind , 
pp 314-315 See also pages 525-529 of Ernst von Lasaulx, The Geologte 
dcr Gneehen und Roomer, Abhandlungm der philoaoph,”philologis< hen 
Clause der koemghch bayenschen Akademte der Wissenechaflm , 0.515-566 In¬ 
teresting notes are to be found m Mayor, Juvenal , II 376. 

■ Philost Her, 12-3 
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Doubting a Libyan tradition that Antaeus was buried m the 
city of Tingis” Sertonus 67 had a tomb opened in that place 
On finding a body sixty cubits long, he was dumbfounded, and 
after sacrificing he filled up the tomb again and joined in 
magnifying its traditions and honors 68 

An interesting piece of folklore grew up about what seems 
to be another tomb of Antaeus Peasants in Mauretania 
pointed out a lull in which he was supposed to be buried When 
any portion of it was dug out, rams liegan to fall and continued 
until the earth was replaced 89 Ten feet longer than the skeleton 
of Antaeus was one which was said to have been found on an 
island near Athens It measured 100 feet 70 The honor of being 
the resting-place of the monster Geryon was claimed by lioth 
Lydia and Thebes 71 

When an earthquake near the Strait of Messina had exposed 
enormous bones, the peasants were afraid to move them A 
tooth over a foot long was sent to Tiberius, who was asked if 
he wished to have the other remains brought to him He* 
avoided the impiety of disturbing the dead by having a geo¬ 
metrician construct ft face proportioned to the size of the tooth 7 - 
It is not strange that m Sicily, with its Homeric traditions of 
the Cyclopes and the Laestrygones, bones of prehistoric animals 
should be ascribed to the giants that were supposed to have 
inhabited the island 78 It is said that Empedocles, too, iu- 
counted for them in this way 74 

In a passage in The City of God 76 St Augustine used the 
evidence of fossil bones to prove the existence of a race of 
giants. “But with regard to great size of body sceptics arc very 
often convinced by the exposure, through lapse of time or the 

* Strabo, 17 8, nayB Lynx 17 Plut, Sert , 9 3 

*■ Barbarians in the Cimmerian Bosporus treated differently bones 
exposed by an earthquake In their superstitious fear they threw them into 
the Maeotu marsh Phlegon, Mtrab , 19 

M Pomp Mda< 3 10 5 79 PhJegon, Mtrab , 17 

71 Paus , 1 36 7, Luc , Adt Ind , 14. 71 Phlegon, Aftraft , 14 

71 Holm, Gesehtekte Sx&Uen* im AUerthwn (1870-1874), I 57, 356 
74 Die Ktdtur der Oegemoart (dntiff Teil t vierte Abtedung), IV 304 I 
have been unable, however, to find authority for this statement in the 
fragments of Empedocles. 71 15 9 
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violence of streams or by various chances, of tombs in which 
incredibly large bones of the dead have come to light or from 
which they have fallen out Not only I myself but several men 
with me on the shore of Utica saw a molar so large that if it 
were cut up into small teeth the size of ours it seemed it could 
have made a hundred But that, I believe, belonged to some 
giant ” 74 

There were stones likewise of huge monsterB. Marcus 
Scaurus exhibited dunng his consulship bones of a monster 
that were brought from a town m Judaea It was said that 
Andromeda had been exposed to this creature It was forty 
feet long, the nbs were longer than those of Indian elephants, 
and its spine was a foot and half thick 77 In the same passage 
Pliny tells of a monster that was dnven from the shores of 
Gades Between the two wings at the end of its tail there was 
a spread of sixteen cubits; it had 120 teeth, the largest of which 
were nine inches long, the smallest, six inches. 

Some of the ancients knew the significance of these finds of 
bones Though remains found on the island of Capri wen 
generally said to have been the bones of giants or the weapons 
of heroes, Suetonius knew they belonged to beasts and wild 
animals 74 There was a tradition that huge bones found on 
Samos were those of the Amazons who were slaughtered while 
fleeing from Bacchus 74 Later writers explained them as bones 
of animals 40 

In the valley of the Arno there have been found remains of 
elephants and extinct animals which crossed from Africa on a 
land-bridge in Tertiary times. Nicolaus Steno, a Dane who 
lived m the seventeenth century, examined some of these bones 
and made some interesting if inaccurate deductions. We we 
told that the Carthaginian army entered Italy with thirty- 
seven elephants, but that they found the climate too rigorous 
for them. Livy (22.2) represents Hannibal as nding the sole 

74 On huge bones in general see also Pliny, Nat Hut (of Solinue, 
1 91), Joeephua, Ant. lud , ft. 28; (Pseudo-) Clemens, Btcog, 1 20 

77 Pliny, Nat. Hitt , 9 11 7 « Ang , 72 74 Pint, Mar, 808 E 

44 Eugaion op Phot , e v., ml*; of. Euphonon, op AoL, Do Nat 
Anim , 17.28. 
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survivor when he rachod Arezzo in the early spring of 217 b c 
Steno noted that the skulls, the huge femurs and the scapulae 
did not belong to animals native to Italy, and concluded that 
they were the elephants which Hannibal had brought with him 
into Italy 81 

A recent article on the part played by fossils in mythology 
holds that the creators of the ancient cosmogonies with their 
giants and monsters had in mmd mineralized remains which 
they had seen 89 Furthermore, one finds not entire animals, 
but a tooth, a hmb or a few bones The conclusion ib drawn 
that this is the basis of the ancient theory that in the original 
creation parts of bodies were formed separately in a more oi 
less haphazard fashion, heads without necks, arms without 
shoulders, and so on, until fortuitous combinations of parts 
produced perfect bodies w 

Fossil lore is to be found m the early Christian writers also 
They ransacked all branches of ancient science in order to find 
material to confirm the claims of the Bible Just as they took 
the traditional notions of spontaneous generation to prove the 
possibility of the virgin birth of Christ, so they used the evi¬ 
dence of fossils found m the interior and on mountains as 
convincing testimony of Noah’s flood Eusebius 84 says that he 
confirmed with his own eyes the truth of the story that the 
deluge exceeded the height of the highest mountains When 
building stone was taken from the highest quarries on Mount 
Lebanon, there were found m a perfect state of preservation 
various species of sea fish as large as hats, 8 * patent testimony 
of the ancient flood 88 He adds that persons who hear of these 

* n Winter, op oit } p 258 

m M Louis Siret, Le R6le des F ovule* en Mythologte, VArdhropologie, 
32 203-213* 

M Such was the view of Bfopedooles* Compare and contrast Lucretius, 
5 837-854 

u Chron., 1 16 12 Cf Cedrenus, Hist Compmd , vol 35, p, 27, of 
Carp. Script Hut By* ** The petasus, a flat-brimmed hat 

m Cf, Tert, Be PaUto, 2. Adhuc mans concha© et bueinae peregnnan- 
tur m montibus See too Isidore, Ongxnes, 13 22 For the employment in 
rather modem times of the evidence of fossils to prove the reality of the 
flood of Noah, see Fraser, Folk-Lore %n the Old Testament, I 336-330 
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things interpret them each one according to his own pleasure 
He is referring evidently to pagans who used fossils as evidence 
of the flood of Deucalion 87 

There are fashions in theories The latest one is, not that 
fossils are proof of a deluge or of the deluge, but that they are 
in themselves the basis of the creation of stones of floods 88 
References to fossilised vegetation and to petrifactions are 
comparatively infrequent m the classical literatures. Certain 
stones m the vioinity of Munda in Spain were described as 
being palmati,** a word that refers not to their sue, but to the 
impressions of leaves within them, which were revealed when 
the stone was broken Dryths, ‘oak-stone,’ which resembled 
the trunk of a tree, burned like wood 80 It has been conjectured 
that this was fossil coal The isle of Samothrace gave its name 
to a heavy black stone resembling wood in appearance 81 Among 
the metals of Scaptesula there was a stone closely resembling 
rotten wood When one poured oil on it, it burned, but when 
the fire went out, it seemed to have been unaffected 88 

An interesting passage m Fausamas runs as follows. 88 “I 
have heard a Cypnan, who was skilled in simples, say that the 
ebony-tree does not put forth leaves, and that there is no fruit 
on it — nay, that it is never seen in the sunlight, but consists 
of underground roots, which the Ethiopians dig up, for there 
are men among them who know how to find the ebony ” 84 
This is supposed to have been a fossilized wood 88 

Along the whole coast of the Persian Gulf there grew trees 
resembling the laurel and the olive. When the tide ebbed, whole 
trees were visible above the water, although at high tide they 

87 A sentence in Apuleiua, Met., 41, “Ms non negabunt in Qaetyhae 
mediterraneis montibus, ubi pieces per Deucakonis diluvia repenuntur,” 
has been taken as referring to fossil fish, but it is evidently a piece of 
saroastio humor accounting for the presence of real fish m inland regions. 

88 See Suet, Op. oil., 82* 210 
88 Pliny, Nat Hut , 36.134 
88 Op. ml , 37 188 

81 Op at , 37 181 
M Theophrastus, Dt Lajnd , 17 
88 1.42 6, of Hut Plant ,446 
81 Fraser’s translation. 

" Parkinson, Organic Remain* of a Farmer World, 1 83 
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were sometimes entirely covered. This seemed strange to Strabo 
because there were no trees back from the coast * 

Strange to say, the earhest speculation about fossils that I 
can find evinces a fairly clear understanding of their geological 
significance. By appealing to the evidence provided by shells 
and the petrifactions of piarme life discovered on mountains and 
m quarries, Xenophanes, a philosopher of the sixth century 
b c, endeavored to prove that the surface of the earth had 
once been beneath the waters of the sea In the quarries of 
Syracuse he noticed the impression of a fish and of sea¬ 
weed (?) 87 ; in Paros, that of a small fish called aph.ua * 8 , in 
Malta, impressions of many kinds of sea life. He held that 
these changes took place when there was a stream of mud which 
later dried and kept the stamp or the impnnt, so to speak, of 
the animals it overwhelmed All humankind was destroyed 
when the land was thus earned into the sea; after this calamity 
man had to begin life anew 88 

The finding on Delos and Anaphe of pebbles, shells and 
other things that are commonly washed up along shorps was 
regarded as proof that these islands had once been under the 
sea 100 

The ancients theorized about deposits of shells at great 
distances from the sea Along a road three thousand stadia in 
length that led to the temple of Ammon, there was a great 
profusion of mussel-shells, oyster-shells, and scallop-shells In 
Armenia, Matiene and Lower Phrygia, there were observed 
stones in the shape of bivalves, shells of the pecten order, im¬ 
pressions of scallop-shells From the presence of sand and fossil 
shells in the extensive salt-lands of Egypt, the conclusion was 

N Strabo, 10.3 0 

” The word ‘seals’ appears in the Greek text, but it has been held 
that seals an a paleontological impossibility for this region A alight 
emendation of the Greek text gives ‘sea-weed ’ Fucoida have been found 
in great numbers in Sicily See Gompers, Greek Thinker*, I 331 

n Whether rightly or wrongly the word Was popularly interpreted^* 
meaning ‘not bom.’ It was generally believed that the fish originated from 
froth or foam. 

» Diels, Die Fragment* dm Voreokratiker * (1012), I 31 
in Theophrastus, frag., 80 3 
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drawn that the land had once been submerged 101 Diodorus 102 
says that all Egypt was 4 river-deposited 1 Herodotus 108 and 
Plutarch 104 call attention to fossils upon the tops of mountains 
and conclude that Egypt was once sea m 

Most of the authors quoted in this paper are Greek Roman 
curiosity was not so much aroused by fossils, in fact, their 
interest seems to have been rather bookish, since many of the 
Latin passages hark back to the Greek 

One will readily understand how difficult it was to form 
correct ideas about fossils m days before the theory of the 
evolution of plant and animal life had been formulated Paleon¬ 
tology had to remain m the background until some of the other 
sciences were more fully developed It is not so much to the 
discredit of the Greeks that superstitions existed among the 
rank and file of the people as it is to their credit that so many 
great men could cast aside traditional lore It is remarkable 
that they were able to achieve so much without the microscope 
and other instruments and aids now regarded as indispensable 
They were pioneers in many fields of thought and research, 
and it is the Greek spint of scientific inquiry, the Greek en¬ 
deavor to supersede a religious by a natural interpretation of 
the universe, that forms the basis for the attainments of modem 
science 

University of Michigan 
m Strabo, 13 4, Pomp Mela, 1 6 

101 1 39 7 JW 2 12 Mar , 367 

m The poet Ovid, Met , 15 202-272, saw in the vicissitudes of the 
earth's surface a theme for poetic treatment 



THE HEART ROT OF BLACK ASH 
CAUSED BY POLYPORUS HISPIDUS FR. 

DOW V. BAXTER 

Tn& black ash, Fraxinus nigra Marsh, is primarily a northern 
lowland species, but ranges from southern Newfoundland south 
to the West Virginia mountains, central Missouri, and north¬ 
western Arkansas Forest examiner, W D Sterrett (1), states 
that single forties may average 2,000 feet of black ash per acre, 
or about twenty per cent of the merchantable stand, and in 
very wet places single acres of nearly pure black ash will some¬ 
times cut over 5,000 feet The dark wood is mfenor to that 
of white ash, but because of the many burls, it is highly pnzed 
for veneers Its tough wood, being light, is also extensively 
used m the manufacturing of hoops and baskets The black ash 
is now rated as the third most important ash commercially, and 
doubtless will remain an important timber tree because of its 
eapability of growing on cold sites. 

THE DISTRIBUTION OF THE FUNGUS AND ITS HOSTS 

Field observations on black ash have been made over all of 
Michigan. These observations have been checked by a labora¬ 
tory examination of five trees felled and sectioned for study, 
together with sound and partly decayed sections of other trees 
These studies have shown that this heart rot of black ash is 
common thoughout the woodlots of the State. Elsewhere in the 
United States Polyporus htspidus has been reported from Kansas, 
Missouri, Ohio, Pennsylvania, New Jersey, and Florida. Ac¬ 
cording to Lloyd (2), it might appear that Polyporus htspidus is 
rather rare in the United States; he also states that it is of a 
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southern range Ovcrholts (3) docs not mention its frequency, 
and just records it for three states 

Polyporus htsptdus is reported as a common form on ash 
trees in Britain, and Pnlleaux (6) states that it appears in the 
Rhone Valley and at C£vcnnes on ash, and on apple and mul¬ 
berry in Normandy According to Tubeuf and Smith (7), plane 
and elm arc given as hosts by Sohroeter J Beauvene (8) states 
that in Europe this fungus attacks notably the fruit trees and 
especially the apple It causes the death of the trees and brings 
about great damage m the cider-producing countries Rea (9), 
m his recent treatise on the British Basidiomycetae, gives walnut 
as an additional host for this fungus 

The fungus is usually epidemic wherever it occurs throughout 
Michigan on black ash, and has never been found on any other 
host species within the State White and black ash have been 
frequently observed where the former was attacked by Fames 
fraxmophtlus and the black ash by Polyporus hisptdus In none 
of these areas were the sporophores of Polyporus htsptdus found 
on white ash, and no black ash trees showed indications of the 
F fraxmophtlus rot, although both fungi were abundant in the 
woodlots 

Murnll (4) slates that Polyporus hisptdus occurs occasionally 
on living trunks of oak and certain other deciduous trees, and 
that it is a very abundant and destructive enemy of shade trees 
m Europe A specimen of this fungus on oak, collected near 
Scranton, Pennsylvania, is m the University Herbarium 

Although the field observations made for this study offer no 
direct proof of a selection of the host by the fungus, they 
indicate strongly that there is a possible occurrence of physio¬ 
logical strains with reference to ash and oak It is hoped that 
further light may be thrown upon this subject by cultural 
experiments Oaks are usually the dominant trees in the mixed 
hardwoods where the known epidemics of this fungus occur in 
Michigan. In spite of the most persistent efforts, Polyporus 
htsptdus haB never been found on the genus Querous in Michigan, 
although it is known on the oaks and reported on various other 
deciduous species from other regions. 
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Little is known regarding the existence of biological strains 
among the wood-destroying fungi, but from our knowledge of 
other groups, it is possible to imagine that such forms or strains 
may exist among the Hymenomycetes Atkinson (5) has already 
called attention to the fact that Pleurotus tdmartm Bull, while 
occurring on other frondose trees, is more common on the elm 
both m Europe and North America, although our native species 
of elm is different specifically from the European elm Pei haps 
such wood-decaving fungi, which attack a few different hosts, 
.specialize on a single host to which they have become adapted 
in that region On the other hand, such types as Fames appla - 
natm and Polyporus sulphureus , which are found on a great 
variety of hosts, show little or no preference for a particular host 
Should such specialization lie the ease for Polyporus hisptdus , it 
would mean much in the planning of control measures 


TUB. BPOROPHORE 

The fruiting bodies of polyporm hispidus appear m the fall 
near branch stubs, in frost cracks, or wounds — usually in the 
upper portions of the main trunk The mature and fresh 
sporophores are fleshy, moist, and brittle, but in dry condition 
may be reduced to a powder between the fingers Because they 
are so easily destroyed by weathering and insects, the fiuiting 
bodies arc sometnnes difficult to find, even though the rot itself 
may be common As many as seven sporophores have been 
found, however, on the same tree 

The pileus is large (See Plate VIII), the dimensions being, 
8 5-21 x 5-13 x 25-5 5 cm. The surface is strongly hispid 
or hirsute, and is nearest to Mars brown (Ridg) in color 
The context is 1-5 4 centimeters thick, fleshy, brittle, and 
colored chestnut (Ridg). The tubes are yellow-ocher and 
5-15 centimeters long The pores number 1 -3 per mm The 
color of the pileus blackens in age The spores are broadly 
ovoid to ellipsoid, smooth, yellowish, brown, and measure 
7-8 5 x 6-7 p Less than one per cent of the spores ger¬ 
minated in a ten per cent sugar solution after being sub- 
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jected to three months' drying at room temperature in the 
laboratory 

The sporophore resembles Polyporus Schwemitm in color, but 
differs from that species m having larger spores, m the thickness 
of its context, in its sessile, dimidiate habit, and in its hosts 
Polyporus hispidus occurs relatively high up on the trunks of 
frondose trees and has never been reported on conifers, while 
Polyporus Schweiniizn fruits usually at the base or from the 
roots of its coniferous hosts 


THE HOT AND ITS RELATION TO CARPENTER ANTS 

(See Text Figure 2, A and B ) 

Polyporus hispidus attacks black ash trees of all ages, and 
especially the suppressed trees. The age of the five trees sec¬ 
tioned for this study ranged from fifty-three to one hundred and 
eighty years. 

At the beginning of the study it was found that carpenter 
ants (Componotu8 pennsylvantcus ) were associated with this rot 
of black ash It was, therefore, necessary to determine whether 
or not the fungus gained entrance into the tree by ant channels, 
and if the fungus did enter by this means, whether it worked up 
into the bole. Trees bearing sporophores of Polyporus hxspidus, 
showing no outward indications of ant work, were felled and 
found to be channelled in the basal sections. In one woodlot 
near Ann Arbor, approximately seventy-five per cent of the 
black ash trees had been blown over by a storm, leaving a 
characteristic three- or four-foot stump. The stumps were eaten 
out by ants until only a shell of the wood remained. Although 
the upper logs above the stumps were decayed by Polyporus 
hxspidus, it was found that the weakening of the trees due to 
ant work was the direct cause for the windfall. 

In this examination, I found that the carpenter ants bear no 
necessary relation to the rot, as sound sections of wood were 
secured in some of the trees, between the area destroyed by ants 
and that portion decayed by Polyporus htsptdus. Sectioned trees 
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Fro 2A 


Fro 2A Diagram of badly decayed 
tree, showing upper portion of 
bole destroyed by Polyporva hta- 
ptdu8 Ijower part of trunk is 
channelled by carpenter ants 
Fig 2B Diagram showing a meth¬ 
od of sectioning used, and con¬ 
dition found m one of the trees 
The figures at the side indicate 
the number of feet above ground 


Marking the approximate 
upper limit of the visible 
rot 


V 24' Decayed 


IV 16' Section bearing spor- 
ophore 


111 12' Indications of rot 
II 6' Disk showing no connec¬ 
tion between the area de¬ 
stroyed by carpenter ants 
and the part decayed by 
PolyporuB hispidus 


I 2" Channelled by ants 



Fig 2B 
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from other areas showed no signs of ant work, and clearly 
demonstrated that the fungus enters through branch stubs or 
wounds The main rot, too, is usually confined to the upper 
part of the bole. 


THE DISEASED WOOD 

The dark wood of the black ash is changed by a partial 
dekgnification to a yellowish-brown color much lighter than that 
of the normal heartwood The wood is reduced to a soft, 
spongy mass which is umform throughout, and gradually ad¬ 
vances into the sound tissues without any sharp distinction or 
discolorations between the wood first rotted and that not so far 
advanced In this respect Polyporus kisjndus apparently differs 
in its effects upon different hosts Beauvene (8) states that a 
hard deep reddish-brown zone separates the young apparently 
sound wood from the heartwood which is completely decom¬ 
posed He is evidently speaking of Pnlleaux's work on the 
decay of apple by Polyporus hispidus On the ash, when a log 
is split lengthwise, the decayed portion dries out faster than the 
outer part and separates like a plug As a result concentric 
layers may be formed from the shell of the wood still m good 
condition (See Plate IX) Dried cordwood from such trees 
separates and falls to pieces This may also be seen in white 
ash attacked by Fames fraxinophilus 

As a rule no definite black lines separate the so-called rotten 
and the apparently sound regions of black ash (See Plate X), 
such as are present in trees where the decay is due to Fames 
tgnanus or Fames Everhartn. Bordering lines, however, may 
occasionally be observed m transverse sections, and irregular 
dark brown lines are very noticeable m certain areas of the 
most rotten wood when sectioned radially. This is due to dis¬ 
colored wood cells which are partially or entirely filled with a 
dark brown substance A mottling effect consisting of very fine 
white lines running horizontally may also accompany the 
discolorations 
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TABLE I 

Sound Wood Sections Selected from All of the Five Trees 


Kinds of Cells 

Lignm Test 

Cellulose Test 

Medullary rays 

Strongly hgmfied 

Stain a very deep red 

Negative 

Vessels 

Strongly lignified 

Negative 

Wood parenchyma 

Ligmfied 

Negative 

Wood fibers 

A slight lignin reaction 

Cellulose reaction 


TABLE II 

Rotten Wood Cells Capable or being Disintegrated and 
Crumbled between the Fingers 


Kind of Oils 

Lignin Test 

Cellulose Tt st 

Medullary rays 

Parts of the cell walls indi¬ 
cated presence of lignin even 

1 in the last stages Some of 
|thc walls were brown Myce¬ 
lium present 

Very slight in some 
sections, in others, 
negative 

Vessels 

Like the ray cells, they are 
i slow to bnak down Walls or 

Walls of these eells 
are brown Mvce- 


parts of walls give slight lignin 
test even m the most rotten 
wood 

hum present 

Wood parenchyma 

Some cells give lignin test 
Tho walls of some eells remain 
brown Walls corroded My¬ 
celium present 

In most of the sec¬ 
tions this test was nega¬ 
tive Some cells gave 
a faint oelluose rear tion 

Wood fibers 

Principally negative, al¬ 
though a very faint positive 
teat was noticed in some sec¬ 
tions 

Cellulose present 
Walls of many cells 
remained brown 


CHEMICAL TESTS 

The fungus brings about a delignification of the elements, but 
the action is not complete The starch grain* which are so 
abundant throughout black ash wood disappear as the rot 
progresses. 
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Sections from five trees were Btained with phknogjucm and 
hydrochloric acid for lignin reactions and chlonodide of sine for 
cellulose reactions Additional tests were made by the maule 
treatment, 1 and by the use of carbolic acid and hydrochloric 
acid * 

The preceding tables show the results of these tests 
The sections for these tests were selected from the most 
decayed parts of the five trees, but tests made of partially 
decayed wood gave similar results 


THIS MYCELIUM IN THE THEE 

Recent studies of wood-decaying fungi have been largely 
concerned in the distribution of the mycelium in the various 
portions of the tree Kauffman and Kerber (10) pointed out 
that the mycelium of Trametes robimophtlct may be found be¬ 
yond the rot m apparently sound locust wood They found 
hyphae present in relatively large numbers in sections made seven 
centimeters radially beyond the black zone In the black border 
zone, however, it is stated that “no hyphae were observed in 
this zone, but evidence of their formerpresence was plentiful... 
If hyphae were present, they must have been overlooked because 
of the optical difficulties m the study of this zone” The 
question is raised by them as to what becomes of the mycelium 
in the rotten core inside of this black zone. It is well known 
that pockets of mycelium may occur throughout the decayed 
wood, but they were evidently not concerned with these features. 

The question of what becomes of the mycelium of Polyporut 
kupidw in the most decayed wood of black ash does not at 
first seem to exist. Hyphae were observed many times in the 
most decayed seotions of black ash, and this was possible even 

i A drop of potassium permanganate solution is plaoed over the wood 
seotions for a minute Then hydrochloric acid is added until the color dis¬ 
appears The wood »then treated with ammonia Isgmfied tissues stain 
red See BeUragc sur wutmmhaftttehm Botamk, Vol 4 Stuttgart, 1901 

* The sections are exposed to the sunlight for an hour after this treat¬ 
ment Ltgmfied tissues stain green See Erdman West, An Undnenbtd 
Timber Decay of Hemlock, Mgeologic, 11: 226 1919 
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without the aid of a stain On the other hand, one may find 
badly corroded cells or even areas in which no mycelium is 
visible, or in which hyphae occur only occasionally Von 
Schrenk (11) states that the mycelium is active in all parts of 
the diseased white ash decayed by Fomes fraxmophtlus I have 
also found no difficulty in locating mycelium of the same fungus 
in the rotten core of white ash I have found similar conditions 
m wood badly decayed by a form of Fomes fulvus (Scop) Gillet 
on Crataegus See photomicrographs of Polyporus hispidus 
(Plate XI), Fomes fraxmophtlus (Plate XII), and Fomes fulvus 
(Plate XIII) 

Little information is at hand regarding the development of 
the mycelium after the trees have been cut When sections are 
first brought in from the field and placed in a cool moist room 
on glass, mycelium will grow out at the ends, but the growth 
soon stops. Sporophores have never been found on logs unless 
the trees had been recently blown down, and no cases have been 
observed where the fruiting bodies occur on old stumps In this 
respect, Polyporus hispidus differs strikingly from some other 
heart-rotting fungi, notably Fomes pmtcola. I have been able, 
however, to culture successfully Polyporus hispidus on artificial 
media. 

A muoh greater part of the tree may be infected than is 
usually assumed or is obvious. In small pockets of even the 
apparently sound wood, wefts of mycelium often form small 
mats, usually in the center of the tree. I do not refer to the 
pith pockets, which remain even in old trees of Fraxmus nigra, 
but to the myoehum which may often be found m such regions 
bordering the pockets (See Plate XIV) It is usually necessary 
to split the logs lengthwise through the center in order that they 
may be seen, and even then a microscopic examination may be 
indispensable. Such mycelial mats were found m sections of 
black ash which otherwise showed no indications of rot, and were 
pronounced sound until they were split open Mycelial wefts 
were found six feet above the area usually designated as rotten 
The wood surrounding the wefts may at first appear sound, but 
myoehum has been found m such regions Lumber out from 
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TABLE III 

Compression Tests of Oven-Dried Black Ash Wood 



Block Si sc 
(in inches) 

Crushing Strength 

Crushing Strength per 
square inch 



1st fail 

2d fail 

1st fail 

2d fail 

Section with 
mycelial pock¬ 
et, but wood 
apparently 
wound 

1 87 x 1 64 

2 76 x 1 70 

3 84 x 1 69 

11,780 

10,160 

9,630 

12,560 

10,610 

9,660 

8,256 

7,863 

6,783 

8,795 

8,212 

6,804 

Sound 

1 2 03 X 2 06 

2 2 00 x 1 62 
3.1 49 x 1 72 

39,490 

28,450 

20,000 

39,620 

29,460 

21,910 

9,489 

8,780 

7,803 

9,520 

9,092 

8,649 

Extremely 

Rotten 

1 96 x 1 66 

2 1 26 X 1 46 

3 1 16 X 1 60 


2,080 

1,830 

3,270 

■RH 

ill 

-7 i—i 

i 


logs after the normal deductions for cull of such trees would 
naturally be of an inferior grade 


MECHANICAL TESTS 

The extent to which the decayed wood is weakened by 
Polyporua htaptdua was ascertained by testing oven-dried blocks 
for resistance to endwise compression It must be kept in mind 
that such mechanical tests are relative, even in sound wood, 
and are very much more so in partially rotten sections. Wood 
vanes with individual trees of the same species, and in different 
sections of the same tree. Such variables as the proportion of 
summer wood (12), the density, the land and amount of season¬ 
ing, and other things, must be taken into consideration. 

It will be observed, however, from Table III that large 
enough differences occur to warrant comparison of the tests 
obtained from sound black ash with those blocks tested from 
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sections in which a mycelial pocket was found six feet from 
the noticeably decayed area, and blocks taken {tom the most 
rotted sections It may be seen that, in general, there is over 
a thousand pounds’ difference per square inch in the first fail 
for the average sound blocks and the blocks containing the 
advanced mycelium 


CONTBOL 

The old infected trees in a natural stand, or those left by 
loggers, are a source of infection for the younger trees Although 
very small black ash plants will grow m a reasonable amount of 
shade, they become more and more intolerant as their age 
increases If the trees are growing m a dense stand, there results 
a weakened or suppressed condition favorable for the develop* 
raent of the fungus This is in agreement with observations 
to the effect that Polyporus htspidus is usually epidemic in the 
localities where it is known in Michigan. Thinnings, therefore, 
of old stock will not necessarily simplify the control of the 
fungus Silvicultural systems,* such as those recommended for 
half tolerant or intolerant species, should be employed 

Univehsity of Michigan 


* Shdterwood, — This method aims at a complete removal of the old 
stand as quickly as possible and immediate reproduction This is accom¬ 
plished by a senes of successive cuttings The first cut allows light to 
come m This system, however, demands most favorable economic con¬ 
ditions for its successful application 

Seeding from the Side. Group Method — This method may be employed 
where there has been some accident such as fire, insects, etc The system 
has not been used in the United States to any extent, ps it requires wind- 
firm species and very good forest conditions in order to assure success 
Clear Cutting —With natural or artificial reproduction Usually 
clear cutting is the cheapest method 

Coppice — Coppice is probably the best method for the restocking of 
ash. Polyporue huptdu* is principally a heart wood rot, and is usually, 
though not necessarily, confined to the upper part of the tree Since 
sprouts from the blaok ash stumps do not form true heartwood for many 
years, it is doubtful whether the possible amount of infection from the 
stump would be great enough for consideration in actual practice 
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THE COMPOSITION OF CLIMAX PLANT 
FORMATIONS IN MINNESOTA 

H F BERGMAN 

Several yearn ago, while I was located at the University of 
Minnesota, a study of the plant formations of the state was 
undertaken The work was performed during the summer vaca¬ 
tion periods for four years Dunng this tune many data were 
obtained For the most part these have never been worked up, 
although a preliminary paper on The Development of Climax 
Formations in Northern Minnesota was published m joint author¬ 
ship with Mr Harvey Stallard, a co-worker dunng the four 
years The sequence of stages, their general composition and 
the effects of various causes on the composition of developmental 
stages m secondary succession were treated bnefly. It is pro¬ 
posed in the present paper to analyze the composition of the 
climax plant associations 

There are three climax associations in Minnesota (I) pine 
forest, (II) deciduous forest, and (III) praine All successions 
within a climax region terminate in the same final stage, how¬ 
ever diverse they may be in their initial stages. Soil conditions 
and biotic agents may accelerate or retard the appearance of 
the climax. In some instances the retardation may result in the 
persistence of a developmental stage as a subehmax. 

I. THE PINE FOREST CLIMAX 

The dominant .vegetation on well-drained soils over a large 
part of northern Minnesota is pine forest In undrained portions 
within this region the Lanx-Pioea stage in hydrophytic succession 
has persisted as a subolimax. The Larix-Picea subclimax occurs 
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over a very large part of the area occupied by glacial Lake 
Agassiz 

The dominants of the pine forest climax are Pmus strobus 
and P resinosa These are usually interspersed, or in some 
instances P resinosa may be found as a pure dominant over 
areas of considerable extent This has not been found to be 
true with P strobus 

All the large tracts of pine have disappeared as a result of 
lumbering The distribution of pme stumps on lumbered and 
burned-over lands indicates the composition of the formerly 
dominant vegetation of a large part of northern Minnesota 
The few small isolated areas winch remain give quite an accurate 
idea of the conditions which must have existed over the climax 
region as a whole From quadrat studies in existing pme com¬ 
munities and from counts of stumps, it is found that m the older 
pine forests the density of population is 8-12 trees per quadrat 
of 100 sq m In stands of younger pme this may increase to 
15-18 or even somewhat more 

Other trees occurring with pines in the climax association 
are Abies balsamea, Betula papynfera, Picea canadensis and 
Populus balsamifera They constitute only a small percentage 
of the population in all cases and are usually trees of smaller 
diameter than the pines. The relative importance of the various 
trees found in this association is shown by the following figures. 
In nme quadrats the total number of individuals of each kind 
found was Ptnns strobus, 23, P. resinosa, 30, Betula, 56, 
Abies, 126, Picea, 5, Thuja, 1; Populus, 2 Abies and Betula 
greatly exceed any of the others in number, but only one 
Betula and ten Abies were found with a trunk diameter exceed¬ 
ing 1 5 dm None of the other trees present exceeded this use 
Betula, Picea and Thuja may reach a large size under suitable 
conditions 

The largest trees present were white pines, 13 per cent having 
attained a trunk diameter of more than 7 5 dm. The smallest 
white pines were 3-4 5 dm m diameter, these constituted 
nearly 35 per cent of the total number present. Of the inter¬ 
mediate sizes 30 per cent were from 4 5-6 dm and the re- 
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meander, approximately 22 per cent, were from 6-7 5 dm in 
diameter 

Pinus resino8a does not reach as great a sue as P strobus 
apparently Of the 30 individuals in the nine quadrats, 
only 1 individual, or 3$ per cent, had reached a diameter of 
6 dm , 56 § per cent were between 4 6-6 dm , 36$ per cent 
between 3-4 6 dm , and 3$ per oent were less than 3 dm in 
diameter 

The mature forest is thus found to consist of two dominants, 
Pinus strobus and P resmosa, both of which reach a size which 
probably represents an age of 300-400 years The distribution 
of trees according to trunk diameter indicates that ecesis is 
periodic It is to be noted that in the nine quadrats considered, 
only one pme (P resmosa) occurs which is less than 3 dm in 
diameter and that there are none, either of P strobus or P 
resmosa, less than 1 5 dm The absence of trees from the 
seedling stages up to a diameter of 1 5 dm makes it clear that 
no pines have been able to become established m the forest, at 
least m the areas represented m the quadrats, during the last 
26-30 years From this it might be inferred that the forest is 
not self-perpetuating 

An examination of a few quadratB m a pine forest from which 
some of the trees have been cut reveals the conditions under 
which ecesis takes place In seven quadrats from three localities 
the invading population of open stations in the pme forest was 
distributed as follows Abies, 52, Betula, 15, Picea, 6, Pinus 
• banksiana, 34, P resmosa, 321, P. strobus, 112 It is seen that 
when an opening appears in the forest the area is occupied by 
seedlings of various trees among which P resmosa and P strobus 
are the most numerous. Under natural conditions the openings 
provided for invasion are due to windfalls These may and 
usually do occur as isolated individuals, but m severe storms 
a number of adjacent trees may be blown over The invaders 
of these areas grow up together, a process that results m severe 
competition which ends in the elimination of the more slowly 
growing individuals, or of those less able to endure shade. Pinus 
banksiana when present is the first to disappear 
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Abies, although numerically important, does not reach a 
large size ordinarily Its persistence is due mainly to its ability 
to tolerate shade Most of the individuals of Abies and Betula 
are soon suppressed, as shown by the fact that they seldom grow 
to a diameter of 1 5 dm Dead trunks of Abies and Betula, 
both standing and fallen, give further evidence of their inability 
to compete with the pines In some instances Abies, Betula or 
Populus may grow to a considerable size, in the case of Betula 
and Populus to a diameter of 6 dm or more This happens 
only when simultaneous invasion of an open area in the pine 
forest by these trees and pines occurs Even under these condi¬ 
tions they will ultimately be eliminated in competition with the 
longer-lived pines The presence of Abies, Betula and Populus 
may then be taken as evidence of the immaturity of the asso¬ 
ciation But as the association is made up of a great number of 
subseres in windfall areas of different ages in which Abies, 
Betula and Populus may invade simultaneously with pmes, there 
is a probability of finding any of these trees somewhere in the 
association The figures given, however, show that they are 
numerically unimportant in comparison with the pines and that 
the Pinus association is capable of perpetuating itself under 
normal conditions 

Secondary Species — The undergrowth m a mature pine 
forest is sparse The following shrubs arc usually present 


Acer spicatum 
Alnus enspa 
Corylus amencana 
Corylua rostrata 


Diervilla lomcera 
Lomcera oblongifoka 
Vaccinmm canadense 
Vaccmium pennsylvamcum 


Acer, Corylus rostrata and Lomcera usually occur in lower 
places They are characteristic of preceding stages in hydro- 
phytic succession The others occur on higher, dner ground, 
especially in areas of sand or on rock. They are characteristic 
species of the xerosere Arctostaphylos u va-ursi also occurs in 
xeroseres in sandy soil As conditions approach mesophytism 
in the climax forest the undershrubs peculiar to the two different 
lines of development become more or less interspersed. 
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In addition to the shrubs the following plants occur as 
characteristic vegetation of the ground layer 

Aster macrophyllus Chimaphila umbellata 

Comus canadensis Pyrola amencana 

Gaulthena procumtiens P secunda 

II THE DECIDUOUS FOREST CLIMAX 

This is most typically developed in the southeastern part of 
the state extending as far northward as Minneapolis Subrlimax 
dominants representing the association extend to the extreme 
northwest corner of the state, forming a zone of variable width 
between the pine and praine grass regions Small isolated areas 
showing typical development of the association are to be found 
in some localities within the pine climax region 

The typical dominants of this association are Acer saccharum 
and Tilta amencana Other trees occurnng with them as domi¬ 
nants are Carya cordijormia, Carya ovata, Fraxmus amencana, 
F lanceolata, F nigra, Juglana cinerea, Quercus alba, Q rubra, 
Q macrocarpa and Ulmus amencana 

Exclusive dominance of any one is unusual, although in the 
mature association Acer and Tilia are present m greater numbers 
than any of the others. Within small areas Acer may be an 
exclusive dominant The following figures will show the relative 
importance of the various consocies In a total of 17 quadrats 
of this association Tiha was found in IS, Acer and Ulmus m 10, 
Carya cordijormia and Q rubra in 7, Q alba m 6, Fraxmus 
amencana in 4, Quercus macrocarpa in 3, Fraxmus lanceolata m 
2, Carya ovata, Fraxmus nigra and Juglans ml In order of 
total number of individuals present Acer ranks first, Tilia second 
and Carya cordiformis third 

A measurement of the trunk diameters of the trees in ten 
quadrats of 100 sq m. shows that only five of the consocies 
listed exceed 4 5 dm These are Acer, Tiha, Fraxmus nigra, 
Quercus alba and Q rubra Acer ranks first with the greatest 
number of trees of largest size, often attaining a diameter of 
6-7.5 dm. Tilia ranks second, but with a considerably smaller 
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proportion of large trees Quercus alba and Q rubra follow in 
order of importance, the former ranking only slightly higher 
than the latter In the case of Acer and Tika the distribution 
of trees by classes based on trunk diameter is quite uniform 
from the maximum size down to 1 5 dm The great abundance 
of seedlings and small lives up to a diameter of 1 5 dm found 
in openings m the climax forest indicates that, whenever an 
opening occurs as the result of a windfall or other cause, the 
area is at once invaded by Acer and Tilia and that the asso¬ 
ciation is self-perpetuating 

Although seedlings and young tree's of Q alba and Q rubra 
are not often found they do occur occasionally Seedlings of 
Carya, Juglans and Ulmus have been found in many instances 
in quadrats in the climax forest Saplings of these trees do not 
oceui, a fac! which indicates that they do not become estab¬ 
lished under these conditions On the other hand m places 
where the climax forest has been removed more or less com¬ 
pletely, seedlings and saplings of varying ages occur frequently 
The presence of these trees m the dominant layer of the climax 
forest may be due to the relative youth of the plant community 
in which they occur Such a community consists of the sur¬ 
vivors of contemporaneous invaders of an open or relatively 
open area among which the ultimate outcome of competition is 
not yet apparent 

Hence it follows that the mature climax association is repre¬ 
sented by only two consocies, Acer and Tilia. In some cases 
the deciduous forest climax may be represented entirely by a 
preclimax assoeies of Ulmus, Fraxmus and Quercus, or by a 
Quercus aBsocies in which Q macrocarpa , Q cocanea and some¬ 
times Q alba and Q rubra are the dominants The Ulmus- 
Fraxmus assoeies occurs typically along streams in'the ecotone 
between the prairie and the climax deciduous forest. It may 
appear as a stage in the development of the hydrosere, or as a 
stage in the xerosere in soils of moderate water content and m 
more protected situations It is this assoeies as a prechmax 
which to a great extent represents the deciduous forest from 
Mankato and Minneapolis to the northwest comer of the state. 
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The Qucrcus associes appears as a stage in the development 
of the xerosere in soils of low water content and in more exposed 
situations It also occurs m the tension zone between the prairie 
and the climax deciduous forest It constitutes a prechmax to 
the Acer-Tilia forest m areas where cdapluc and biotic factors 
act ais a barrier to the advance of the latter This associes 
attains its best and most extensive development in the areas of 
sand located along the Mississippi River from Minneapolis to 
Brainerd In this area Q macrocarpa and Q coccinea are the 
dominants 

In the southern part of the Firms climax forest region the 
Acer-Tilia climax is becoming established m many places follow¬ 
ing the removal of the pines by lumbering and burning In 
such areas Fraxinus nigra occurs very commonly as a dominant 
in the deciduous forest It attains a size quite comparable to 
that of Acer and Tiha The abundant occurrence of seedlings 
and of trees ranging in size fiom seedlings to those of 6 7 5 dm 
m diameter shows that it is able to maintain its status as a 
dominant in the mature forest 

Secondary specie* — Oslrya inrgmtana occurs commonly as a 
small tree below the layer of dominants Carpmvs carohnmna 
occurs in the southeastern part of the state The following 
shrubs and woody climbers arc characteristic 

Corylus amencana Ribes cynosbali 

Parthenocissus qumquefoha Ribetf gracile 

Prunus amencana Rosa blanda 

Prunus virgimana Yitis vulpma 

Ribes flondum Xanthoxylum ameucanum 

The herbaceous layer is dense and consists of a large number 
of species Some of the more characteristic ones are 


Actaea rubra 
Aquilegia canadensis 
Ansaema tnphylhun 
Bicuculla cucullaria 


Carex laxiflora 
Fragaria virgimana 
Hepatica tnloba 
Hydrophyllum virgimanum 
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Phlox divaricata 
Polygonatum commutatum 
Sangmnana canadensis 
Sanicula marylandica 
Thalictrura dioicum 


Tnllium cemuum 
Uvulana grandiflora 
Viola papihonacea 
Viola pubescens 
Viola sorona 


III. THE rnAUUE CLIMAX 

In a considerable part of southwestern and western Minne¬ 
sota forest has not been able to become established, because of 
lesser rainfall and greater summer evaporation This area is 
occupied by the prairie climax Soil conditions and disturbance 
by burning have been contributory factors in the extension and 
maintenance of the prairie in some districts. 

The dominant grasses of the praine are Andropogon furcatus, 
A. scopanus, Atheropogon curtipendulus, Sorghastrum nutans, 
Bouteloua oligostachya and Stipa spartea These may be asso¬ 
ciated in various combinations Usually Andropogon, Sorghas¬ 
trum and Stipa occur together occupying areas of higher water 
content They are the characteristic consocies m the develop¬ 
ment of hydroseres culminating in the praine grass association 
Andropogon furcatus is equally characteristic in xeroseres, either 
pnmary or secondary, on sandy soils. In this case Andropogon 
scopanus usually occurs with it as a dominant instead of Sor¬ 
ghastrum and Stipa A furcatus is the most important member 
of the association, both in the hydrosere and m the xerosere 
In some areas it may constitute 75 per cent or more of the 
dominant vegetation 

Secondary species — More or less marked differences are to 
be observed in the character of the secondary species in the 
praine olimax according to the line of development along which 
the sere has proceeded Certain plants are usually associated 
with Andropogon furcatus, whether it occurs m the hydrosere 
or in the xerosere. Other secondary species are found only in 
the hydrosere and others are characteristic of the Bouteloua- 
Atheropogon subclimax Some of the plants of more general 
distnbution are 
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Anemone cylindnca 
Amorpha canescens 
Astragalus crassicarpus 
Aster laevis 
Aster multiflorus 
Baptism bracteata 
Galium boreale 
Geum triflorum 
Heuchera hispida 
Helianthus maxumlianus 
Hehanthus scabernmus 
Hedeoina hispida 
Koelena cnstata 
Liatns scanosa 
Lithospermum canescens 
Lcpachys columnans 


Oxalis violacea 
Pentstemon grandiflorus 
Phlox pilosa 
Poa tnflora 
PotentiUa arguta 
Ranunculus ovahs 
Rosa pratmoola 
Senega alba 
Sohdago canadensis 
Solidago nemorahs 
Silphium lacimatum 
Tradcscantm bracteata 
Viola pedatifida 
Vicia amencana 
Zizm aurea 


Some of the more common secondary species of this asso¬ 
ciation in the development of the hydrosere are 


Anemone canadensis 
Carex festucacea 
Oarex gravida 
Castilleja coccmea 
Fragana virgmiaua 


Hypoxis hirsuta 
Liatns pycnostachya 
Thahctrum dasycarpum 
Zygadenuse legans 
Zizia cordata 


The following are found more often in drier soils on which 
Bouteloua and Atheropogon are the dominant grasses 


Anemone carolmiana 
Aster senceus 
Aster oblongifolius 
Castilleja sessiliflora 
Liatns punctata 


Lithospermum hneanfohum 
Pentstemon albidus 
Psoralea esculents 
Pulsatilla hirsutissima 


In this association, repeated burning instead of destroying it 
and causing its development to be repeated through one or more 
earlier stages, acts as a stabilizer by preventing the encroach- 
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ment upon it of the deciduous forest, which always tends to 
advance and replace the prairie m more favorable situations 
Fire is a contributory factor in maintaining dominance only m 
the ecotonc between prairie and deciduous forest Over the 
prairie climax region as a whole the detei mining factor is climate 

University of Michigan 



NOTES ON THE ORANGE RUSTS OF 
RUBUS 

E A BESSEY 

The orange rust of Rubus has been known for more than one 
hundred years, having been first described by Von Bchweimtz (1) 
in 1822 The discovery reported by Kunkel (2) m 1913 that 
there is not one orange rust, but two, has led to further study 
of the question Much attention has been given to the question 
of the distribution of these two rusts upon the various species 
of Rubus and in the different parts of the country It was at 
first suggested by Arthur (3) that the short cycle form was more 
prevalent in the warmer parts of the country, and the long cycle 
form m the cooler regions B O. Dodge (4) has just reported 
the results of investigations on this point which seem to throw 
doubt upon the correctness of Arthur's assumption, since both 
forms are found as far south as North Carolina and as far north 
as Massachusetts 

For some years I have been making germinations of spores 
of orange rust specimens sent in from various parts of Michigan 
in the hope of being able to throw additional light on this 
question Both the short cycle form, Kunkeha miens (Schw) 
Arth , and the long cycle form, Gymnocoma tntershtialis (Schl) 
Lagh, have been found m the state, the former being recog¬ 
nizable by the fact that its aeciospores function as tehospores 
and germinate by means of a promyoehum, while in the latter 
form they germinate by a long germ tube. 

In 1921 the short cycle rust was found on specimens of 
Rubus coming from Bay, Hillsdale, McComb, Lapeer and 
Wayne counties, the long cycle rust being obtained from Ingham 
and Cass counties m the Lower Peninsula and from Alger 
county m the Upper Peninsula. 
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In 1922 the short cycle rust was found in Clinton County a 
few miles northeast of Lansing, in Eaton County, a few miles 
west of Lansing, and in southwestern Ohio at Oxford The long 
cycle form was found in Ingham, Eaton, Van Buren, Oceana 
and Washtenaw counties in the Lower Peninsula, and again in 
Alger County in the Upper Peninsula It may be noted here 
that I found the long cycle form in the telial stage in Gogebic 
County in 1919 

It is interesting to note that there is somewhat of an over¬ 
lapping of host species for the two species of rust Thus the 
short cycle rust was found on the wild black raspberry, Rvbus 
oceidentalis , last summer at Grand Ledge in Eaton County, while 
the long cycle rust was found on the same species in East 
Lansing m Ingham County At Oxford, Ohio, I found Rvbus 
alleghemerms badly rusted with the short cycle form, while the 
long cycle form was found on the Bame host in East Lansing, 
Grand Ledge and at Chatham in Alger County The short cycle 
form, only, was found on Rvbus procumbms (- R mllosus). 
The long cycle form was obtained from cultivated raspberries, 
one of them certainly being the black raspberry (a form of R. occi¬ 
dental™, probably) while some of the others were on red raspber¬ 
ries, which are probably forms of R stngosus 

Studies of spore sizes were undertaken to verify the results 
reported by Kunkel (5) When the measurements were confined 
to living turgid spores which had not lost their color, the short 
cycle spores averaged 26 9 x 25 4 y, the extreme range being 
19 4-31 9 x 18-30 5 y The corresponding measurements for 
the long cycle spores were 29 4 x 27 8 y with the extremes of 
217 to 37 7x203 to 34 8 /u 

Upon drawing a frequency curve to illustrate the distribution 
of the various lengths and widths of the spores of the two 
species, the mode of the curve for the short cycle form occurred 
at about 26 y for the length and 24 y for the width, the corre¬ 
sponding figures for the modes of the long cycle form being 28 ft 
for both length and width In the long cyole form the curve for 
spore lengths is somewhat of a skew curve, rising abruptly to the 
mode and falling more sbwly beyond the node, so that the 
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mean lies considerably beyond the mode. For the width of 
spores the curve is nearly symmetrical, the mean and mode 
almost coinciding In the case of the short cycle rust the 
curves for width and length are similar, being skew curves with 
the mean a little above the mode (See Fig. 3 ) 


* 



Fio 8 Graphs showing the distribution of the different lengths and 
widths of spores of orange rusts on Rubus Since different numbers of 
spores were studied for the different rusts, their distribution by sizes has 
all been reduced to the percentage basis for the sake of ootnpanson The 
vertical lines represent the mean site for all the measurements of that 
particular rust 

- Short cycle rust ’ -- Long cycle rust 

- Mixed cycle rust 

One very interesting specimen was received on leaves of a 
cultivated blackberry (species not known) in Charlevoix County 
Part of the spores of this germinated by promycelia and part by 
germ tubes. Unfortunately the material was rather badly dried 
out so that it was impossible to carry on further experiments 
than the first germination tests The mean and mode for the 
length of spores of this rust were both about 32 ft and for the 
width the mean was 29 4 ft and the mode was the same as for 
the length, 32 ft. The curves for these three lots of rusts are 
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shown in the figure where the curves are all drawn on the 
percentage basis. 

Spores of these rusts when dry or when dead have somewhat 
smaller dimensions than those given above, because of a shrink¬ 
age as the turgor is lost On the other hand, a spore left on the 
surface of the water for purposes of germination, swells m the 
course of two or three days so as to become 1 to 2 fX longer 
and wider than the fresh spores The germinated, and thus 
empty, spores are from 7 to 1 5 m shorter and narrower on the 
average than the fresh spores 

Kunkel (5) pointed out that the short cycle rust usually had 
a brighter yellow color en masse when fresh than the long cycle 
form which is a deeper orange color In the mam, this seemed 
to be true with the Michigan specimens, except that one lot of 
short cycle rust was as dark or even darker orange than any 
long cycle rust material observed 

In attempting to find other distinctions between the spores, 
so as to make possible a sure distinction between these two rusts 
when the material was too old to germinate and too much 
faded to distinguish it by color, I studied the markings on the 
walls of the spores The spore Walls are marked with very 
minute dots which are not distinguishable except under high 
magnifications and with projier illumination It was noticed 
in 1921 that the dots on the short cycle spores appeared to be 
somewhat farther apart than in the long cycle sporeB In 1922, 
therefore, a large number of spores wore examined for this 
purpose It was found that by focusing down until the plane 
of greatest diameter was just m focus the dots would appear 
more or less evenly Bpaced at the circumference of the cell The 
number of dots thus visible was counted and divided by the 
number of microns m the circumference of the cell. It was found 
that the average circumference of the spore — since the spores 
lie with the longer axis horizontal when viewed under the 
microscope, this means the polar, not the equatorial, circum¬ 
ference — was about 80 ju for the short cycle spore, and 85 /i 
for the long cycle spore The number of dots in the circum¬ 
ference vaned from 41 to 75, averaging about 60, for the short 
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cycle form, and from 59 to 88, averaging 72, for the long cycle 
form. The average distance apart of the dots for the short 
cycle form is, therefore, about 1 32 m> and for the long cycle 
form 1 18 n This is found, however, to have some variations, 
for on the spores of a long cycle rust on Rubun allegheniensis 
collected in East Lansmg, the dots averaged 17 m apart, 
although on other specimens of long cycle rust on the same 
species of host they were about 12 m apart On the other 
hand, one lot of short cycle spores was found wflere the dots 
averaged 1 1 and another where they averaged 12 m apart 

As we meet here at Ann Arbor where Professor F C Newcombe 
has been active so long, it is interesting to note that thirty-two 
years ago he and Professor Galloway almost discovered the 
existence of a short cycle form in the Rubus rust In a paper 
published by Professor Newcombe (6) the drawings of the highly 
magnified aeciospores show but a single nucleus, while a drawing 
of a germinated spore made by B T Galloway who appended a 
note to Professor Newcombe’s paper, shows very clearly a 
promycehum as it appears when it becomes partly submerged 
before it has developed its spondia In such a case, in the 
place of each spondium there develops a long, very slender 
germ tube This is well shown in the drawing by Galloway, 
a v drawing that duplicates many cases observed by me where 
the promycehum had become partly submerged 

Michigan Agricultural College 

East Lansing, Michigan 
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GROWTH OF PIN US RESINOSA AND 
PIN US STROBUS* 

DOROTHY J CASHEN 
INTRODUCTION 

Annual growths of Pinus resmosa Ait and Pinus strobus L 
vary from year to year in distances between whorls of branches 
and in width of annual rings In the summer of 1922, measure* 
ments of these growths were made for these two species in six 
areas near the Biological Station of the University of Michigan 
on Douglas Lake, Michigan Such a study is of special value 
in the northern part of Michigan, where reforestation is the 
only practical solution foi great stretches of land made bare by 
lumbering and burning 

EXPERIMENTAL METHOD 

The trees in each area were numbered and plotted on a map. 
For young trees selected the distances between the yearly whorls 
of branches were measured and the diameters taken 30 cm 
from the ground level with calipers The diameters of trees too 
large for measurement by the whorl method were taken in the 
same manner as those of the younger trees In each of the six 
areas taken, five trees of each species were bored*one meter from 
the ground level by means of a standard increment borer 
Hydrogen ion tests of soil at various depths in each area were 
made by the indicator method, as outlined in Soil Acidity and a 
Field Method Jar its Measurements, by Edgar T. Wherry. 

* Contribution from the Botanical Laboratory of the Kansas State 
Agricultural College, No. 204, and from the University of Miohigaa Biologi- 
cat Station. 
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DESCRIPTION OP AREAS 

Douglas Lake is situated at an elevation of about 712 feet 
above sea level in the upper portion of the Lower Peninsula of 
Michigan, in Cheboygan County, midway between Mackinaw 
City, Cheboygan, and Charlevoix About fifty years ago the 
region was well covered with beech-maple forests, pine forests, 
and cedar bogs Since that time lumbering and frequent burns 
have changed the character of the vegetation to a large extent 
In a very few stretches some of the original trees still exist, but 
in the greater part of the area a typical young aspen association 



stands The region presents to the eye an aspect of boundless 
stretches of young growth with charred stumps and an occasional 
tall pine from the earlier stand 

The soil is rather sandy and acid with but little humus. 
There is moderate rainfall of about 31 to 35 inches annually, 
high summer evaporation, and intense summer sunlight. Aside 
from the lack of humus due to repeated bums, conditions are 
favorable to Pinus rmnosa and P%nus strobus 

Seven areas were selected in this region (See Map I) Area 
I was near the shore, a few feet above lake level, Area II proper, 
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on a hilltop about one hundred yards southeast of the lake, 
Area III, on a plateau southeast of the foot of the hill of Area II, 
Area IV, on a hilltop about one-half mile east of the lake, 
Area V, on a plateau on the western side of the lake, and 
Area VI (not indicated on Map), near Big Stone Bay, Lake 
Michigan Area VII, just east of Area I, and very similar to 
it, except for perhaps its greater shade, was studied by G J 
Ikenberry in 1920 

Area I stretches from the southeastern shore of the lake m 
toward a hill It is below the slope which is a part of Area VII 
Behind this hill and beyond a valley is the higher hill upon 
which is Area IV Area I is a little lower in level than Area III 
The burn of 1921 came across the northern side of the hill of 
Area IV, over the hill nearer the lake, down the slope of Area 
VU, and was stopped just at the “base line” back of Area I 
This was a ground fire and destroyed most of the seedling 
pines which would have furnished an interesting comparison of 
plateau, slope, and hilltop within a small compass Such a 
comparison might be made between the hilltops of Areas II and 
IV and Areas I and VII 

Close to the lake m Area I are two clusters of pines With 
the present type of ice work and wave action on the shore, these 
will in all probability lose their footholds before many years 
For six meters back from the shore there are no aspens ( Populus 
grandidentata Michx and Populus tremuloides Michx), but 
Quereus borealis Michx f is abundant. Three large pines, two 
Ptnus resinosa and one Ptnus strobus , standing here, have seeded 
the entire area There are a few scattering plants of Amelanchier 
canadensis (L) Medic., Rosa sp and Sahx sp Tho ground 
flora consists principally of Rhus toxicodendron L, Arctosiaphylos 
uva-ursa (L.) Spreng, with some Ptens aquilma L., Poa com- 
pressa L, Elymus canadensis L., Spartina michauxtana Hitchc., 
and occasional Gaulihma procumbens L., Maianthemum canadense 
Desf, Aster lams L, Smilacvna racemosa (L ) Desf, Apocynum 
cannabimm L., and two species of Vaccimum, Farther back 
Populus grandidentata and Populus tremuloides may be dominant 
at present, but are distinctly giving way to the pines which are 
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almost as numerous but not as tall There are numerous Betuia 
alba var papynfera (Marsh) Spach and occasional Quercus 
borealis and Acer ntbrum L Of the ground flora. Plena oquxhna 
dominates, the Vaccimum sp are numerous with Borne Gay- 
lusaacia baccata (Wang) C Koch., there are occasional plants 
of Aster laems, Maianthemum canadense, Lactuca canadensis L, 
Gaulthena procumbens, Comandra umbellata (L) Nutt, Mdam- 
pyrum line,are Lam , and grasses Farther back the ground flora 
dwindles down to Ptens aquihna, the Vaccimum sp, Gaulthena 
procumbens, Comandra umbellata, and an occasional grass The 
light in Area 1 is medium, next to Areas II and IV in intensity. 
The wind may be a serious factor here There are several little 
sloiies in Area I which are not large enough to be of great 
consequence. There is but little humus 

Area II proper is on a hill overlooking the northern point 
of Burt Lake The flora of hilltop and slope from which addi¬ 
tional trees were measured are similar All vegetation is more 
scattering on the hilltop This area receives the least shade of 
the seven The pme trees are the most scattering and the flora 
is more varied in number of species than any of the others The 
soil is sandy with but little humus Populus tremuUndes and 
Populue grandidentata are dominant with numerous Betuia alba 
papynfera, Qucrcus borealis, Prunus pennsylvamca L, Prumua 
wrgmvana L., Sahx sp, Amelanchter canadensis, Amelanchier 
spicata (Lam) C Koch, Acer rvbrum, occasional Acer penn- 
eylvantcum L, Tsuga canadensis (L) Carr, Fagus grandifoha 
Ehrh, and Viburnum acenfolium L In addition to the ground 
plants found in Area I there are Rubus alleghemensis Porter and 
Rubus tdaeus var aculealiaaimus (C A Mey) Kegel & Tiling, 
Rhus glabra L, Polygonatum bifiorum (Walt.) EU, Verbascum 
thapsus L, Aster laterifiorus (L) Britton., Lactuea sagvttifbha 
EU, Sohdago canadensis L, Rumex acetoseUa L., Gnaphalium 
decurrens Ives, Antennana canadensis Greene, Convolvulus spith - 
amaeus L., Hieracium venosum L, Lepidium vtrgimcum L., 
Fragana sp, Arabia brochycorpa (T. & G) Britton, Epilobium 
angushfolium L, Hepatiea triloba Chaix, Prenantkes alba L, 
Polygala pauafoha WiUd, Lomcera dunca L, Trillium grandi- 
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fiomm (Michx) Saksb., sedges, mosses, and lichens Spartina 
michauxiana is not found here 

Area III is situated on a level plateau extending back from 
Douglas Lake It is about one-eighth of a mile southeast of the 
lake The intensity of light is less than in Areas I, II, IV, and 
VII. There is some humus here although of httle depth A fire 
has not occurred here for some twenty years The dominant 
of Populus tremuUndes and Populus grandidentata is disappearing 
as it is in Area I There are numerous Betula alba papynfera, 
and several Acer rvbrum and Quercus borealis The pines are 
frequently in groups There are a few large ones which seed 
this particular region With the exception of Spartina mich¬ 
auxiana and Rhus toxicodendron and with the addition of Rubus 
alleghemensis, Solidago htspida Muhl., Lycopodium eibacurum var 
dendrouJeum (Michx) D C Eaton, Rhus glabra, Apocynum 
androsaemifohum L, Antennana canadensis, Gnaphahum de- 
cwrrens, and Aralia nudicauhs L, the ground flora of Area III 
is not radically different from that of Area 1 Beneath the 
Ptens aquihna are mostly bare stretches of ground although 
there are patches of Maianthemum, GauUhena, Lycopodium, and 
mosses 

Area IV is on a hilltop about one-half mile east of the lake 
The exposure to light due to scattering vegetation is about the 
same as in Area II. Vegetation of the herbaceous order is, if 
anything, more sparse Available moisture and soil quality are 
about the same The flora is similar to that in Area II although 
there are fewer species here A somewhat aenous ground fire 
ooourred in 1921 On the northeast portion of this hilltop the 
bum was thorough. No young seedling pines are to be found 
here, there remain only charred stumps, young aspens, and 
Ptens aqmlina growing with many of the ground plants men¬ 
tioned in the description of Area II On the southern portion 
of this hill the fire was not a clean one, although some parts of 
the ground are still devoid of vegetation. 

Area V is a little south of Bryant’s Hotel in good soil, 
formerly covered by beech-maple woods, but now mostly covered 
by tiie aspen association. The pine trees measured were in two 
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groups with the remainder of the area unpopulated except for 
young aspens and birches Part of this distribution is due to 
clearings No Pmus resmosa are present In Group A the lower 
plants arc seriously affected by a lack of light Area V is the 
darkest of the seven areas The flora of Group A is very similar 
to that of Area I except that the shade is so dense that the 
number both of species and of individual plants is smaller, and 
that the dominance of the Populus association is positive There 
are a few elms present Toward the center of the group there 
are only stretches of dead leaves beneath the Plena aquilina , In 
Group B Acer rubrum dominates although there may be an 
occasional larger oak Plena aquilina and Rhus glabra dominate 
the ground flora Two large pines have seeded both groups 
Area VI is close to the shore of Lake Michigan at the north 
end of rBig Stone Bay It is different in character from those 
nearer Douglas Lake, in that it is a captured dune area It 
stands at the edge of a virgin forest of Tsuga canadensis , Picea 
canadenm (Mill) BSP, Picea manana (Mill) BSP, Thuja 
occidentali8 L, and Abies balsamea (L) Mill It is the least 
disturbed of the seven areas Here Picea canadensis , Picea 
manana , Tsuga canadensis , and Abies balsamea are dominant, 
Pmus strobus, rather abundant, Pmus restnosa, Thuja occiden - 
tofts, and Lanx laracma (Du Hoi) Koch, occasional The 
ground flora is somewhat sparse In spaces where trees are 
absent, Jumperua communis var depressa Pursh,, Rosa Carolina 
L, Plena aquilina, and Ledum groenlandicum Oeder are scatter¬ 
ing, together with Mitchella repens, L, Comandra umbellata , 
Polygonatum biflorum , Maianthemum canadense , Fragana sp., 
Aster sp ., mosses and lichens Some humus is present in this 
area Next to Group A, of Area V, this area is the darkest* 
Wmd is a more serious factor here than in any of the other areas. 

DISCUSSION 

The data with regard to the areas, the number and per¬ 
centages of trees, rates of growth, and other aspects of this 
study, have been compiled in tabular form. 
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TABLE I 

Sizes or Areas Studied Expressed in Meters 


Area 

I 

II 

III 

IV 

V 

VI 

VII 

Length 

60 

168 

82 

112 

60 

29 

? 

Width 

25* 

324 

48 

90 

25 

25 

? 


Table 11 gives the percentages of Pmus rennosa and Pmus 
strobus in plots which are of approximately the same size, 
60 X 25 meters Plots Ila, lib, lie, Ilia and IVa are of the 
prescribed size m their respective areas, which include more 
territory It will be noticed that Areas I and III are the most 
densely populated with pines, and Areas II and IV are the least 


TABLE II 

Number or Pines in Plots 60 by 25 Metebs and Percentages 
or PlNUS RE 81 NOSA AND PlNVS STROBUS 


Area 

* ‘ i 

I 

Ila 

lib 

Ho 

Ilia 

IVa 

V 

Small trees (number) 

179 

15 

8 

5 

81 

16 

61 

Pmtw resinoea (per cent) 

21 8 

88 8 

87 6 

40 

21 

81 i 

0 

Pinua strobus (per cent) 

78 a 

66 7 


60 

70 

18 7 

100 

Large trees (number) 

3 

1 

3 

6 

19 

4 

2 

Pinus reamosa (per cent) 

0 

too 

too 

100 

63 

100 

0 

Pmus strobus (per cent) 

100 

0 

0 

0 

87 

0 

too 

Total trees m area (number) 

182 

16 

11 

n. 


20 


Pmus reamosa (per cent) 

21 4 

87 6 

90 9 

72 } 

29 

86 

0 

Pmus strobus (per cent) 

78 a 

62 8 

0 1 

97 8 

71 

16 

too 


♦Including four trees so nearly dead that no measurements from them 
were used 


Table III gives the total percentages of trees studied in each 
area irrespective of size The large trees listed were ones too 
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large to be easily measured by the whorl method In many 
cases they are trees which have escaped past burns and are 
seeding the areas in question In Areas II, III, and IV some of 
the large trees were bored It is interesting to note that except 
in the case of Area III, the species which has the largest number 
of large trees has also the largest number of trees small enough 
to be measured by the whorl method The relationship here is 
probably that of seeding 


TABLE III 


Number op Pine Trees in Areas and Percentages of PIN U8 
Resinosa and Pinus Strobus 


Area 

r 

II 

III 

IV 

V 

VI 


Small trees (number) 

179 

49 


35 

61 

41 


Pinus resinosa (numt>er) 

K7h 

24 

24 

25 


5 

Ej| 

(per cent) 

21 8 

49 

32 4 

71 4 


12 2 


Pinus strobus (numtier) 

140 

25 

83 

10 


36 


(per cent) 

78 2 

r>\ 

77 6 

28 6 




Large trees (number) 

3 

19 

25 

32 

2 

32 

? 

Pinus resinosa (number) 

1 0 

17 

14 

29 

0 

15 


(per cent) 

0 

89 

66 

90 6 

0 

46 9 


Pinus strobus (number) 

3 

2 

11 

3 

2 

17 


(per cent) 

100 

11 

44 

9 4 

too 

68 1 


Total trees m area 

182 

68 

132 

67 

67* 

73 


Pinus resinosa (number) 

1 39 

41 

36 

54 

0 

20 


(per cent) 

1 21 4 

; 60 8 

28 8 

80 6 

0 

27 4 


Pinus strobus (number) 

143 

27 

94 

13 

67 

53 


(per cent) 



71 2 

19 4 

100 

7e e 

? 


* Including four trees so nearly dead that no measurements from 
them were used 


Table IV shows little relationship in the inceptions of Pinus 
strobus and Pinus resinosa, except that between 1904 and 1911 
there was the largest number of new trees starting The fact 
that there are no new trees m recent years in Areas V and VI 
and that the young trees in Area V are dying rapidly might be 
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due to lack of light The burn in Area IV accounts for the 
absence of young trees there 


TABLE IV 

IN< EPTIONB OP PlNB ThBBS IN ARRAS 
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Table V gives the growths between whorls of branches 
averaged for each species m each area, the average growth for 
the fastest growing tree m the area, and the average growth for 
the slowest growing tree 


TABLE V 


Average Growths in Centimeters 
(Far number of trees included, see Table III) 


Area 

I 

11 

III 

IV 

V 

VI 

VII 

Average annual growth 
Pmus reamosa 

0 8 

13 3 

12 1 

10 7 


0 5 

12 3 

Pmus strobus 

10 0 

12 b 

n 5 

0 8 

7 6 

8 6 

11 0 

Average growths of the 
fastest growing tree 
Pmus resinoBa 

18 3 

10 2 

17 5 

10 6 


11 0 

17 6 

Pmus strobus 

22 8 

18 0 

18 8 

17 9 

14 0 

15 4 

28 Q 

Average growth of the 
slowest growing tree 
Pmus reamosa 

4 1 

5 0 

0 2 

4 6 


7 2 

0 3 

Pinus strobus 

2 6 

4 6 

3 2 

5 5 

2 2 

2 1 

3 4 


On account of natural pruning, it was sometimes necessary 
to estimate how many years the growth nearest the ground 
represented Where scars of branches existed, no difficulty 
occurred In Areas I and II, Pmus strobus often makes two 
whorls of branches a year, the first growth between whorls is 
generally short varying from 0 5 to 2 cm , the second growth 
ib long, quite often 20 or 30 cm m length This does not occur 
in Pmus rennosa and only seldom in Pmus strobus in the other 
areas In older wood it is difficult to say whether two whorls 
appearing just as described belong to two years or one. As a 
rule if such a case occurs once in more recent years, it is found 
to occur at intervals during the tree’s growth. 

In every area except in Area I, Pirns rennosa leads in 
longitudinal growth, and even in Area I is exceeded by only 
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2 cm The highest average growths of both species occurred in 
Area II, while the lowest average growth of Pmus strobus was in 
Area V, where Pmus resmoaa was absent It is interesting to 
note that Pinna strobus has the most variable growth, varying 
from 2 1 cm , the lowest minimum of both species, to 22 8 cm , 
the highest maximum of both species These minimum and 
maximum variations soem related to the individual trees con¬ 
cerned rather than to any local conditions On the contrary, 
the vanations of the average annual growths of both species 
seem to bo due to the locality, since the curves for the two 
species are essentially similar 

Table VI is a comparison of annual increments, as measured 
from the borings, with the annual longitudinal growths In 
Areas I and V the trees bored were also measured by the 
whorl method, in order that a comparison might be made In 
Areas II, III and IV some of the trees bored were too large to 
be measured by the whorl method Since the comparison in 
measurements in Area V is very similar to thaf in Area I, only 
that for Area I is given 

Ab can be seen from the table, the annual increments vaiy 
far less than the distances between whorls of branches* It will 
be seen that the age as counted from the annual rings differs 
hardly at all from the age as counted from the whorls of branches 
for the same tree From these measurements there seems to be 
no close correlation between annual longitudinal growth and 
annual growth in thickness, although there is a certain relation¬ 
ship between total height and total diameter 
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TABLE VIA 

Comparisons of Annual Increments of Pinos strobua (I) with Annual 
Longitudinal Growths (L) in Area I, Expressed in Centimeters 
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TABLE VIB 

Comparisons of Annual Increments of Pinus resinosa (I) with Annual 
Longitudinal Growths (L) in Area I t Expressed in Centimeters 



Table VII gives the average annual increments, as estimated 
from the five trees of each species bored in each of the first five 
areas. 
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TABLE VII 

Average Annual Increments of Certain Trees Expressed in 
Centimfters 

Five trees selected in each Area 


Area I 


Pinua reHinona (Average annual increment, 09) 


Number of tree 

91 

107 

115 

144 



11 

08 

08 

12 

09 



15 

10 

20 

15 


05 

05 

05 

05 



Pmus strobus (Average unnual increment, 13) 


Number of tree 

69 

95 

99 

100 

148 

Average annual increment 

12 

11 

15 

11 

11 

Maximum annual increment 

20 

15 

30 

20 

20 

Minimum annual mirement 

10 

__ 

10 

05 

10 

05 


Area II 


PinuB resinosa (Average annual increment, 12) 


Number of tree 

12 

23 

24 

31 

47 

Average annual increment 

12 

11 

09 

13 

12 

Maximum annual increment 

40 

25 

20 

30 

25 

Minimum annual increment 

05 

05 

05 

05 

05 


Prnus strobus (Average annual increment, 10) 


Number of tree 

10 

16 

21 

59 

60 

Average annual increment 

08 

14 

09 

09 

08 

Maximum annual increment 

15 

50 

20 

10 

10 

Minimum annual increment 

05 

03 

05 

05 

05 
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TABLE VII — Continued 
Arfa III 


PinuB rmnoBa (Average annual increment, 00) 


Number of tree 

5 

12 

13 

27 

31 

Average annual increment 

00 

07 

00 

00 

10 

Maximum annual increment 

15 


15 

15 


Minimum annual increment 

03 


05 

03 



Puma etrobufl (Average annual increment, 00) 


Number of tree 

3 

7 

18 


35 

Average annual increment 


08 



10 

Maximum annual increment 

20 

10 

15 

! 20 

25 

Minimum annual increment 

05 

03 

05 


05 


Area IV 


Pinus reainoaa (Average annual increment, 10) 


Number of tree 

5 

■ 




Average annual increment 

10 



00 


Maximum annual increment 

20 

IMW 


20 


Minimum annual increment 

03 

05 


03 



Pinus Btrobua (Average* annual increment, 00) 


Number of tree 

0 



25 

28 

Average annual increment 

10 




07 

Maximum annual increment 

15 

20 



15 

Minimum annual increment 

* 

05 

06 1 

1 



05 


Aiusa V 


Pinus atrobua (Average annual increment, 07) 


Number of tree j 

30 

31 

37 

30 

42 

Average annual increment 

00 


05 


05 

Maximum annual increment 

15 

15 

10 

10 

10 

Minimum annual increment 

05 

05 

m 

05 

■ 
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It may be noted that the variations in average annual 
increments for the areas are similar to those in longitudinal 
growth measurements given in Table V Ptnus remnosa leads 
except m Area I Area V in both cases shows the least growth 
m Ptnus strobuB 


TABLE VIII 

Average Annual Increments for Abeab Based upon Diameters 
Measured 30 cm from the Ground, Expressed in Centimeters 
(Age of treee determined by whorl method) 

(For number of tires included, see Table III) 


Area 

I 

11 

III 

IV 

V 

VI 

SpCCICB 

Pinus 

resi- 

nosa 

Pinus 

stro- 

bus 

Pinua 

resi- 

nogtt 

Pinus 

stro- 

bus 

Finns 

resi- 

noea 

2 & . 

Pinus 

resi- 

nosa 

Pinus 

stro- 

bus 

in 

Pinus 

real- 

nosa 

Pinus 

stro- 

bus 

Average 

annual 

increment 

10 

17 

32 

23 

23 

19 

22 

16 

11 

18 

13 


From Table VIII it may be seen that the annual increments 
based on the diameters 30 cm from ground level approximate 
those obtained from borings The former show an even closer 
relationship to the longitudinal growth measurements than do 
the latter From comparisons made with Tables V, VII, and 
VIII, it appears that conditions favoring the greatest longitudinal 
growth do also in the long run favor the largest diametric growth 

Table IX shows some correlation between yearly average 
longitudinal growths m the different areas. It may be seen 
that the growths m the years 1915 to 1918 were fairly good in 
all of the areas and that at such a time there is a closer corre¬ 
lation between the greatest growths of both species in all areas 
than in the normal run of yearly growths The data for temper¬ 
ature 1 and precipitation at the Biological Station is too limited 

1 For meteorological records, the reader is referred to U 8 Weather 
Bureau in cooperation with the Michigan State Weather Service, Gates, 
F C, and Ruth E Hurd Meteorological Data, Douglas Lake, Michigan, 
1912-1018, and to subsequent paper* in the Michigan Academy of Science 
Reports 
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TABLE IX 

Average Annual Longitudinal Growths Expressed in Centimeters 
(For number of trees included, see Table III) 
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to be of value for comparison here No correlation seems evi¬ 
dent between the greatest yearly average growths and the 
records for Mackinaw City or Cheboygan It is evident, how¬ 
ever, that although local conditions are important there are 
some yearly variations which are common to all areas in the 
general region. 

The hydrogen ion determinations for Table X were formu¬ 
lated with Dr Minna Jewell’s standard color solutions made 
from buffer tablets furnished by the Pyrolectic Co 


TABLE X 

Hydrogen Ion Determinations of Son. 


Level below surface 
m inches 

3 


12 

24 

Area I 





Near lake 

4 4 


4 0 

5 $ 

Away from lake 

4 4 


4 4 

4 6 

Area 11 





On slope 

5 6 


4 4 

4 6 

On hilltop 

5 b 

4 0 

4 4 

4 4 

Area III 

4 4 

4 0 

4 4 

4 4 

Area IV 

4 4 

4 0 

4 4 

4 4 

Area V 


4 6 

0 0 

6 0 

Area VI 


6 6 




SUMMARY 

1 A study of the growth of pines was earned on at the 
University of Michigan Biological Station on Douglas Lake, 
Cheboygan Co , Michigan, dunng the summer of 1922. Knowl¬ 
edge of this sort is of special importance m reforestation, which 
is the practical solution for much of the northern areas left 
barren by lumbering and burning. 
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2. The density and species of pines in the areas studied is 
directly related to seeding The areas most densely populated 
are ones of medium shade and moisture 

3* The number of yearly pine inceptions varies The years 
of greatest inceptions in the recent past have been from 1904 to 
1911 There are inceptions for almost every year in each area 
except for such times as there were burns, and for certain odd 
years m all the areas 

4 Ordinarily m this sandy region Pinus restnosa leads in 
both longitudinal and diametric growth The conditions favor¬ 
ing the greatest growths of both species are apparently the same, 
as well as are those favoring the least The growth of Pinus 
strobus is more variable than that of Pinus rmnosa . 

5 The conditions influencing the actual growths of Pinus 
restnosa and Pinus strobus are largely local Total precipi¬ 
tation and temperature do not closely correlate with the growth, 
although m years of general favorable conditions the growths 
m all areas have been good Other factors include light, 
humidity, soil moisture, and slope Soil acidity is one of the 
least important 

6 From this study one might expect that, on burnt-over 
sandy land in the northern part of the Lower Peninsula of 
Michigan, the annual longitudinal growth of Pinus strobus will 
be from 2 Jf-(10.2)-££ 0 cm , and that of Pinus resinosa , from 

cm 

Kansas State Agricultural College 

Manhattan, Kansas 



EXPLANATION OF PLATE XV 

Fig 1 A Young Pine Seedling near Atmometer m Area VII (Photograph 
by t C Gates) 

Fig. 2 Young Pines on Slope of Area II (Photograph by Ruth H. West) 

Fig 3. Groups of Pinus hesinqsa and Pintts strobus m Area III (Photo¬ 
graph by F C Gates) 
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NOTES ON THE MICHIGAN FLORA 

PART VI* 

OLIVER ATKINS FARWELL 

The year 1922, being unusually dry and not overly hot, was 
an exceptionally good year for field work Advantage of tins 
condition was eagerly seised upon and explorations were ex¬ 
tended to a wider range than heretofore, covering nine counties 
or parts of them, viz, St. Clair, Lapeer, Genesee, Macomb, 
Oakland, Livingston, Washtenaw, Wayne and Monroe, includ¬ 
ing the basins of the Clinton, Saginaw, Rouge, Huron and 
Raisin rivers. Mr. Bruno Gladewitz of Detroit was an invariable 
and congenial companion on these excursions, he is an enthusi¬ 
astic investigator, an astute botanist, and as familiar with the 
flora of southeastern Michigan as anyone 

Mr. Billington went with us, on May 23, on a hunt for 
Isopyrum near Farmington, but the plant was not detected 
BUhngton, however, found the long beech fern, Thelyptena 
Phegoplena, there were only a half-dozen fronds or so and most 
of them were not then fully unrolled; this station w Oakland 
Co. is very far south for the species. At Gibralter, Wayne Co, 
on May 31, we found the Ohio buckeye in full bloom. We saw 
but one tree with a trunk diameter of eighteen inches or more 
It was near the river front on an abandoned lot in the heart 
of the town; but whether it was one of the native trees that 
civilisation had failed to remove, or whether it had been planted 
there in the dim past, remains an unsolved problem. 

On June 14, in the southwest oomer of Lapeer Co, we found 
a large dump of Phaca negUota in prime oonehtion; the flowers 

* For Parts I, IX, and III, see Mfokfy an Academy cf Brian pc, Amend 
Report*, 20 16I-1W,31 : 8*5-371, end 23; 117-185, raepeotinfr, tor Parte IV 
and V, see Paper*, 1:85-100 end 2:11-46. 
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were of a perfect lemon-yellow, probably a color form, as Torrey 
& Gray in their original description emphasize the fact that the 
flowers are pure white, as do subsequent authors The old, 
withered flowers were white and the fresh flowers become white 
during the course of drying and pressing to such an extent that 
little of the original yellow color is discernible. On July 5, we 
found near Newport, Monroe Co, a vine wide-spread over 
Crataegi, without sign of flowers or developing fruit, which 
probably was Vitis cordifolia At the same place we found 
Rosa sehgtra cbmhing over Ciataegi to a height of about 
12 feet A week later at Hamburg, Livingston Co, we found 
Rhus radicans along the roadside forming a dense hedge many 
yards in length and 2 or 3 deep, the hedge was 6 or 7 feet high 
and composed of stout shrubs with the habit of R glabra and 
R typhina A strange rose was abundant along the roadsides, 
it proved to be Rosa villosa, which is a new introduction The 
stems were stout, veiy thorny and 6 or 8 feet in height 

At La Salle in Monroe Co, July 26, we found a slender 
pinweed which proved to be Lechea Lcggettv , a new acquisition 
for Michigan On August 2, at Utica, Macomb Co, we found 
a large clump of Triptacum dadylotdes ThiB is the second 
station in Michigan for the sesame grass A week later between 
Ypsilanti and Ann Arbor we found a small vetch, Vtcia gracilis, 
it had neither flowers nor fruit, but it exactly matched specimens 
of this species from Europe now in the herbarium of Parke, 
Davis A Co Also, a wild mustard was rather common in this 
region which we could not at the time place It is the plant 
known as Erucastrum Gallicum Both of these, so far as we are 
aware, are new to North America Here also we found Pamcum 
virgatum var Cubense At Oxford, Oakland Co., October 4, we 
found a colony of Hehanthus Dalyi It covered a piece of sandy 
ground of perhaps 40 or 50 square feet It agrees m every 
respect with the description and illustration in Britton A Brown’s 
Illustrated Flora, but there were a few plants, perhaps not over 
2 per cent of the colony, that were taller, about 3 feet, and had 
5 or 6 long peduncled heads, one from each of the uppermost 
leaves, a transition towards H MaxvmMam, of which H. Dalyi 
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is but a dwarf, one-flowered variety, as 1 have indicated in an 
earlier paper Here, aluo, Gladewitz found a single specimen of 
Croton glandulosum var seplentrionalis A week later at Lake¬ 
ville we found an unknown thistle which turned out to be 
Car dims acanthoides, It was well scattered but not abundant 
and has been at this location for 10 or 12 years 

In what follows, where the year and the name of the collector 
are not given, it is to be understood that Farwell and Gladewitz 
made the collections for the year 1922 

Tuelypteris Phegopteris (L) Slosson In neh woods near 
Farmington, Wayne Co , scarce Bilkngton, Farwell and Glade¬ 
witz, No 6144, May 23 

Woodwardia Virginica (L) Sm f fertilis, n f A con¬ 
dition of the steule frond in which some of the upper pinnules 
have a few scattered son In swampy woods near Lakeville 
The plants growing m the shade arc larger, deeper green and 
less conaceous than those of the sunny, open places Bilkngton, 
Farwell and Gladewitz, No 6445$, Oct 11 

Fiux marginalis (L) Farwell Abundant in a cedar swamp 
near Oxford No. 6423, Oct. 4 

Botrychium dissectum Spreng. In open woods or in more 
grassy situations along their borders St Chur Co , No 6404, 
Sept 27 and No 6469, Nov 5 Associated with this we found 
var obliquum (Muhl) Clutc, No 6405, Sept 27 and No 6470, 
Nov 5, and var elongatum (Glib & Harb) Farwell, No 6468, 
Nov 5 In another open woods about a mile distant ahd sepa¬ 
rated by cultivated farms we found the var obliguum, No 6475, 
Nov 5, also var tenulfolium (Underw), n comb, (B tenui- 
foltum Underwood, Bull Tor. Bot Club, XXX [1903] 52), 

No 6476, Nov. 5 and var Oneideose (Gilbert), n comb, (B 
obliquum, var Oneidcnse (Gilbert) Waters in Gray’s New Manual 
[1008], p. 49), No. 6477, Nov 5. Of these the var Ormdenae 
was the only form found bearing a fertile panicle, the tomentose 
but undeveloped bud of the fertile segment was observable near 
the base of the stalk in the varieties tenmfohim and obliquum, 
There were many intermediate forms bearing characteristic seg¬ 
ments of one or another of the varieties, so that it was difficult 
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to place them satisfactorily in any one variety With a com¬ 
plete scries from typical tenmfolium to typical Miquum before 
one, it would seem rather foolish to try to split this variety into 
a number of named forms, on the other hand, without such 
intermediate forms certain extremes would seem to be worth 
recognition It is a question in my mind if some of these forms 
do not represent different years in the age of the individual, 
different stages in the developing plant rather than true varieties 
A number of plants were taken up, the frondB cut off and 
pressed, and the rhizomes planted in a window garden, at this 
time, Dec 21, 1922, new fronds are appearing 

Botbychiltm multifidum (Gmel) Rupr. var Simplicius, n 
var The plant is about 1 5 dm high, smaller and more slender 
than the specific type, the sterile segment is fleshy, about 
3 cm wide, the lateral divisions are 2 cm long and the terminal 
2} cm , bitemate with 9 segments, the terminal one of each 
division more or less deeply 3-lobed, general outline of sterile 
segment and of its divisions is much as in the specific type, 
the lateral divisions subequal and 6-8 mm. long, margins are 
sub-entire to crenate or serrate, fertile segment small, about 

3 cm long, twice pinnate, overtopping the sterile by from I to 

4 cm It bears the same relation to the species that the variety 
tenuifolmm of the preceding species does to its variety obliquum. 
Moist, sandy holders of streams. Keweenaw Co, FarweU, 
No 627 m part, July 31, 1888 and Algonac, No 2715, June 6, 
1912. 

Potauogeton foliosus Raf var Niagarensis (Tuckerm) 
Morong. Clinton River near Utica, No 6309, Aug 2 A form 
with elongated stems and leaves due to its growth in running 
water instead of in still waters 

Tbxfbacvm dacttloides L Near the railroad station at 
Utica, No. 6297, Aug 2 This 1 b the second known station for 
this species in Miohigan. 

Pamcum dichotomiklohum Michx. This species during the 
past seven years has spread rapidly in Detroit and can now be 
found in eveiy section of the city. Oxford, No. 6416, Oct 4. 

Panxcum vihgatum L var Cubensb Gnseb A more slender 
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plant than the npecies with smaller spikelets which are obtuse 
Near Ypailanti, No 6324, Aug 9 

Ciiaetochloa imbehbis (Poir) Scribner A few specimens 
of this species were found on a vacant lot in Detroit Farwell, 
No 6467, Oct 28 

Rlboulea fallens (Spreng) Farwell var major (Torr) 
Farwell In a tamarack swamp near Washington, it has more 
or less pubescent sheaths No 6194, June 21 

Ekaorostis capillauis (L) Neos Usually said to be 
branching only at the base, all leaves on the culms bear in 
their axils short branches ending in secondary panicles Detioit, 
Farwell, No 6387, Sept 15 

Eraorostis Ekaorostis (L) Karsten Lansing is the only 
recorded station for this species in Michigan A new station is 
Oxford, No 6435, Oct 4 

Carex kiparia W Curtis var imprkssa S H. Wnght This 
variety again turned up at Newport No 6227, July 5 

Pontedena, Linnaeus, Sp PI , I (1753) 288 et Gen PI , 

(ed 5, 1754), No 361 As defined by Linnaeus in the Genera, 
this genus is restricted to his P hasiaia, the only species named 
by him m the Species Plantarum that had a many-seeded, 
3-celled capsule, as was pointed out by Rafinesque about a 
century ago. 

Narukila, Adans, Fain PL, II (1763) 54, 581, usually 

referred to Pontedena is of course Phrynium WiUd and belongs 
to the Marantaceae 1 

Pontedena of most Amencan authors is Unisema Eaf, Med 
Repos. New York, Y (1808) 352. In lus Medical Botany, II 

(1830) 105-108, Rafinesque names and desenbes some ten 

species of Unisema, but does not use the name cordata for any 
of them. Our common species, therefore, becomes Unisema 
cordata (L), n. comb. Pontedena cordata L, Ic Stem leaves 

1 It is based upon the Nam Ktia, Bheede, Hortue Matabaneue, 11 67, 
t 34, whioh is Pontedena ovata, Linnaeus, Sp PI (1763), p 288, Adanson 
made it coextensive with the Linnaean Pontedena, but as the name was 
adopted from Rheede it must go with his species which is the type of Wtllde- 
now's Phrynium Phrynium eapUatum WiUd, Sp PI, I (1797) 17, there¬ 
fore becomes Narukila ovata (L), n comb 
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oblong or oblong-lanceolate, 1-2 dm in length and 4-8 era 
wide above the basal lobes, sagittate-cordate The common 
form Belle Isle, Farwell, No 1294, Aug 12, 1892 Rather 
frequent in shallow water along the borders of lakes and streams 
in southeastern Michigan l r media , obliquaia, acutifolia and 
mucronala Raf, l c , probably belong here A form with much 
smaller and narrower lanceolate leaves, 10-15 cm long and 2 or 
3 cin wide near the base, not cordate but usually cuneately 
narrowed to the petiole, is forma angustifoha (Pursh), n comb 
P angustifoha Pursh, FI Am Sept , I (1814) 224 U deltifolia, 
Purshiana, and heterophylla Raf, Ic, probably belong here. 
Borders of a small lake near Shelbyville, Farwell, No 5951J, 
July 31, 1921 * 

Phrymum, Loefl Iter Hisp (1758), p 178 This is the 
oldest name for the genus often known as Shollern or Hcter- 
anthcra Our common form in streams and ponds, often a 
meter in length with thin, translucent, linear leaves often a dm 
long, is Phrymum dubium (Jacq ), n comb , Ileteranihera diibia 
(Jacq ) MacM , Met Minn (1892), p 138 Lake Onon, Farwell, 
No 903, Aug 29, 1895 Often growing on muddy banks and 
rooting at the joints, forming dense mats of shortened stems and 
leaves, the latter quite fleshy, not at all translucent, 3 or 4 cm 
long and 2 or 3 mm wide This creeping form of muddy banks 
may be known as Phrymum dubium var tenrestre, n var 
Shores of the Clinton River near Utica, No 6311, Aug 2. 

Allium Cefa L var bulbellifera Bailey A small colony 
of this variety of the onion was found in a flourishing condition 
along the grassy banks of the Wabash Railroad near Romulus 
No 6171, Juno 7 

Betula Alleqhanensis Britt Very similar in general ap¬ 
pearance to that of B lutea, but the cones are only half as 
large and present a striking contrast when the two species grow 

1 In the herbarium of Parke, I)avia & Go are two sheets of this species 
with sagittate-cordato broadly ovate (18 cm long by 13 cm wide) to sub- 
orbicular (11 cm long by 8 5 rtn wide) leaves which may be known as forma 
latifolift n f New Jersey, Franklin, Aug, 1873, Sceancus, Sept 15, 1800. 
Both collected by Dr H H Rugby Probably belonging here are (7. Uttofolia 
and U rotvndtfoha Raf, l c 
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side by side St Clair Co, near AnchorviIIc No 6399$, 
Sept 27, Detroit, Farwell, No 1863, Aug 24, 1904 

Fagtjs Americana Mucnch The common form of the beech 
in Michigan Farwell Parkedale, No 3256, Oct 27, 1912, 
Tecoina, No 4634, Sept 23, 1917, near Farmington, No 4447J, 
May 19, 1917, Detroit, No 2021?, June 16, 1907, Newport, 
No 6234, July 5, 1922 and Anchorville, No 6398, Sept 27, 
1922 A form with reddish fruit is forma Caroluuana (Loud), 

II comb (F ferruginea var. Carohmana Loud , Arb Frut lint, 

III [1838] 1980, Fig 1915) Rare m Michigan where it was 

collected at Highland Park, No 865, May 7, 1896 Station 
since destroyed 

Quercus MuHLENBEnon Engclm var Alexandn (Farwell), 
n. comb (Q acuminata var Alexandn Farwell, Mu.li Acad 
Set , VI [1904] 206 ) Britton described this independently and 
about the same time as Q Alexanden It was found near French 
Landing, No 6174, June 7, and at Newport, No 6225, July 5 

IIumex ELONi.ATUs Guss (? Iiumcx obtusifolms x ms pus 
Trelease ) At Utica theie is a species of dock often with few, 
long, slender, leafless racemes that give it a peculiar appearance 
as compared with K enspus or R obtusifolius, the valves of the 
fruit are similar to those of R enspus, but toothed as in R 
obUmfoltus, the leaves vary from ovate-heart-shaped and ob¬ 
tuse to lanceolate and acute, the base from truncate to tapenng 
to the petiole, and the margins from strongly to scarcely wavy 
or onsped It probably is the R obtusifolius x enspus of 
Trelease and the R elongatus Guss of Gray’s New Manual It 
is doubtful if this is a hybrid, however, notwithstanding that it 
is exactly intermediate between the supposed parents, because 
there are many regions where the latter are found growing 
together in great profusion with no sign of intermediate forms 
that may be due to hybridization, and because it is of com¬ 
paratively recent introduction and is said to be spreading 
rapidly No 6300, Aug. 2 

Polygonum lapathifolium L A polymorphous species 
showing a wide vanation between its extremes, but with many 
intermediate forms connecting them and passing one into an- 
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other The typical form with vara meantatum and salicifolium 
usually have purplish flowers, bat individuals may have flowers 
that vary to nearly white The vars tomerdosum and mcanum 
usually have greenish-white flowers, but some plants have the 
flowers strongly suffused with rose, the latter usually have the 
peduncles more or less glandular while the former are usually 
glandless or obscurely glandular, they also have slightly larger 
flowers (2$-3 mm) and fruits which are suborbicular, while m 
the former the fruits are ovoid The typical form of the species 
is now considered by most authors to be the form that was 
called P nodosum, by Porsoon Farwell Detroit, No 0386, 
Sept 15, 1922 and No 1442, Sept 25, 1893, Oakland, No 5122, 
Sept 15, 1918, Ypsilanti, No 5346, Aug 31, 1919 

Var mcarnatuni (Ell) Wats A large and robust variety 
often over 2mm height with elongated and drooping spikes, 
the leaves usually large and acuminate Farwell Ypsilanti, 
No 5345, Aug 31, 1919, Keweenaw Co, No 454, Aug. 20, 
1886, Detroit, No 454a, Aug 15, 1893, Grosse Isle, No 454b, 
Aug 14, 1909 

Var salicifohum Sibth A small variety with narrow leaves 
white-tomentose underneath, the upper leaves often become 
glabrous Farwell Detroit, No 6384}, Sept 15, 1922 and 
No 475a, Aug 16, 18% 

Var mcanum (Roth) Koch P mcanum F W Schmidt 
All leaves permanently white-woolly underneath Farwell 
Keweenaw Co, No 475, Sept 10, 1886 

Var. tomentomm (Schrank) Schuster P tomentosum Schrank 
P scabrum Moench Larger than the preceding variety and 
with only the lowermost leaves white-woolly underneath Far- 
well Oakwood, No 5123, Sept 15, 1918, Detroit, No 6386, 
Sept 15, 1922 and No 474a, Sept 15, 1897; Keweenaw Co, 
No 474, Sept 10, 1886, Oxford, No 6376, Aug. 23, Pontiac, 
No 6365, Aug. 16 

Polygonum Pennsylvanicum L var. viridialbum, n var 
Similar to the variety laemgatum, but the flowers are greenish- 
white, i.e, white with a broad green stripe on the back along 
the mid-nerve, spike short and densely flowered, 1-8 cm long 
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by 1-1} wide, erect, fruiting perianth broadly ovoid or sub- 
orbicular, 3-4 mm long, achene suborbicular, 2}-3} cm, black, 
smooth, somewhat shining, both surfaces concave, peduncles 
densely glandular Moist grounds in waste places Detroit, 
Farwell, No 6384, Sept 15, 1922 

Polygonum saoittatum L P sagittatum var Amencanum 
Meisn in DC Prodr , XIV (1856) 132 The type locality as 

given by Linnaeus is ‘‘in Virgimoe, Marylandiae madtdts ” The 
Bpecies from this region is illustrated by Plate XII of the Ilart 
Cliff and shows the ordinary form with lanceolate leaves having 
sagittate bases The leaves have bristly ciliate margins and the 
mid-nerves, underneath, are copiously prickly with reflexed 
prickles, especially on the lower half, the upper half often being 
naked The flowers arc rose-colored Roadside ditches at 
Detroit, Farwell, No 456a, Sept 30, 1897 and Keweenaw Co, 
No 456, Aug 20, 1886 In an extensive cedar swamp near 
Oxford is a very slender form that has smaller and broader 
usually sagittate-oval or oblong leaves, the smaller ones often 
suborbicular, 1-4 cm long by 1-1} wide, the margins smooth 
and naked, the mid-nerve below with fewer and more slender 
prickles, flowers white, No 6369, Aug 23 It may be known 
as P. sagittatum L var ovalifolium, n var 

Cycloloma atbiplicjfolium (Spreng) Coult Mr Glade- 
witz found this at Romulus, June 7, 1922 It is plentiful at 
Pontiac, No 6362, Aug 16. In both instances it was found 
along the railroad tracks 

Atriplex habtata L A variable species, this and the next 
two are usually united by American authors, but kept distinct 
by European All three have innumerable varieties, forms and 
synonyms It is often over a meter m height and widely 
branched with the deltoid-hastate leaves which often measure 
a decimeter each way. Usually the basal lobes spread outward 
and downward. In non-saline soil it is glabrous; but in saline 
soil it is generally smaller in every way, with the young plant 
densely white-scurfy; m the fruiting plants only a trace of this 
sourfiness remains, while the leaves are often as small as 1 cm 
each way. Farwell. Detroit, No. 1411, Aug. 18, 1893 and 
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No 5116, Sept 14, 1918, Ypsilanti, No 1411a, June 27, 1894, 
Oakwood, No 4106, Sept 23, 1915 and Nos 5127 and 5128, 
Sept 15, 1918, Almont, No 6275, July 19 

Atriplex patula L Leaves hastate-lanceolate with the 
basal lobes usually pointing outward and upward Raic as 
compared with the preceding and the following Farwell 
Detroit, No. 349a, Aug 18, 1893, Almont, No 6278, July 19 

Atriplex littoralls L var marina (L) Smith A hi- 
toruha var serrata (Huds) Moq & var sulcata (Michx ) Beck, 
A hastata vai littoralis of Ameiican authors The typical form 
of the species with narrowly linear, entire leaves has not been 
observed heie Our plant is the var marina with broader, 
narrowly lanceolate leaves, upper ones usually entire, the lower 
with very small and short basal lobes or often only one and 
otherwise entire Farwell Keweenaw Co, No 349, Sept 4, 
1885, Detroit, No 349b, Aug 18, 1893 and No 6410, Sept 27, 
1922, Northville, No 6454, Oct 18 

Salbola Kali L The typical form of this species with 
short awl-shaped leaves was found along railroad tracks at 
Pontiac, No 6357, Aug 16 The variety Carohniana (Walt) 
Nutt at Oxford, Nos 6430 and 6431, Oct 4 The var tenui- 
folta, Tauseh at Northville, No 6447, Oct 18, and at Pontiac, 
No 6358, Aug 16 The var tenuifolia seems to he the common¬ 
est form as well as the largest and most bushy-branched Variety 
Carohniana is the lowest and simplest form, the branches often 
few and elongated, the calyx wings mostly red, but often this 
color disappears in drying The typical form was the most 
compact and dense Pontiac is the only station where it has 
been observed m Michigan 

Allionia Nyctaginia Michx var minor (Choisy), n comb 
Oxybaphus glabnfolius Vahl var minor Choisy in DC Prodr , 
XIIF (1849) 431, 0 Nydaymens (Michx) Sweet var oblongi- 
fohus A Gr in Torr, Bot Mex Bound Surv , (1859) 174; 

A Nydaymen Michx var ovata (Pursh) Morong, Mem Torr. 
Club, V (1895) 146 A form with ovate-lanoeolate leaves, 

obtuse or acute at base not m the least cordate Pontiac, 
No. 6356, Aug 16 
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Anychia Canadensis (L) BSP A small and delicate 
plant that may be readily overlooked No 6286, July 26 

Silene antibkhina L f apetela, it f Differs from the 
typical form only in the absence of petals Along thp railroad 
tracks near Washington, where it was abundant The young 
calyx is oblan< eolatc in outline, but at maturity ovoid-campanu- 
late, 5-7 mm , lobes always Bmall and putplish No 6198, 
June 21 

He pa tic a Americana (DC) Ker. f Candida Fernald II 
Hepatica var albijlora (Raf) Farwell, as to the plants 

Hepatica Americana f rhodantha Fernald II Hepatica 
var vulgaris (Mill) Farwell, as to the plants 

Hepatica Americana f purpurea (Farwell), n comb Hepatica 
Hepatica var. purpurea Farwell, Mich Acad Set lipt , XVII 
(1916) 169 

Hepatica Americana var parviflora (Raf), n comb H 
Ilepatica var parviflora (Raf) Farwell, l c A peculiar form of 
the species with the petaloid calyx as short as the involucre, 
or shorter, blue, and only half as large as in the type or smaller 
Mrs Cahn found a full double-flowered form of this variety 
at Loon Lake in Oakland Co. growing natuially in the wilds, 
May 1,1922 It may be known as H. Americana vai parviflora 
f Cahnae, n f 

Sophia pinnata (Walt) Howell var brachycarpa (Rich¬ 
ards.) Farwell. This annual plant was observed for the first 
time in twenty years, this time along the tracks of the WabaRh 
Railroad at French Landing, Wayne Co No 6172, June 7 

Cheirinia parviflora (Nutt) Farwell The first time ob¬ 
served in over a quarter of a century and the first tune seen in 
the Southern Peninsula Romulus, No. 6169, June 7. 

Erysimum officinale L. The plant of the typical form of 
this species, especially the pods, is clothed with a minute 
pubescence It is rather scarce. Oxford, No 6429, Oct 4, 
Northville, No. 6464, Oct 18, Parkedale, Farwell, No 2949|, 
July 28, 1912 and Detroit, No 2098, July 31, 1909 The most 
widely spread form of the species and a pernicious weed is var 
leiocarpum (DC), n comb Sisymbrium officinale var leio- 
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carpum DC , Syst , II (1821) 460 It differs from the species 
in being glabrous. Farwell Keweenaw Co , No 802, Aug 21, 
1890, Ypsilanti, No 802a, May 23, 1891, Detroit, No 802b, 
July 21, 1892, Marquette, No 802c, July 6, 1895 

Sinapis auvensis L The typical form has short, thick and 
glabrous pods Brasstca arvensis (L) Rabenhont Farwell 
Ypsilanti, No 630g, Aug 12, 1891, Detroit, No 630h, July 16, 
1892 A form with hispid pods and pedicels is var Onevtahs 
(L) Koch et Ziz Sinapis Onentalw L Ypsilanti, No 6335, 
Aug. 9 Farwell Rochester, No. 2089, June 30, 1909 A 
form with much longer and more slender glabrous podB more 
distinctly moniliform is var Schkuhriana (Reiehb) Hagenbach 
(Brasstca arvensis var Schkuhnana (Reiehb) Thellung) Linden, 
No 6350, Aug 16, Ypsilanti, No 6336, Aug 9, Farwell 
Keweenaw Co, No 630a, Aug 1, 1890 and at Rochester, 
No 4507, June 28, 1917 

Ebucabtktjm Gallicum (Willd) O E Schulz This species 
looks very much like a species of Radicula, at first glance So 
far as I am able to ascertain, this is the first time that it has 
ever been reported for North America, to which, apparently, it 
must be a new introduction The plant is about 4 or 5 dm 
in height and somewhat branohed or simple, the flowera are 
pale yellow, the pedicels are horizontal to ascending, the pods 
extending m the same straight line with the pedicel, or more 
often pedicel and pod are curved in an arc, more rarely some 
of the pods are slightly curved backwards, the beak of the 
pod is very slender and without a seed. Plentiful along the 
railroad tracks near Ypsilanti, No 6334, Aug 9. 

Diplotaxis mubalis (L) DO A new station for this plant 
is Pontiac, No 6360, Aug 16 It was at one time widely 
dispersed m Detroit and quite abundant; Farwell, No 1644, 
July 15, 1899 

Emjca Eruca (L) Asch & Graebn This was found to be 
a weed in cultivated grounds at Parkedale and on adjacent road¬ 
sides to which it had spread Farwell, No. 3512, July 20,1913 

Ribes lacustre (Pers.) Poir In the Michigan Flora, this 
species is said to occur as far south as Houghton Lake, which 
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is in Roscommon Co It was found in a sparsely wooded 
pasture near Rochester, Oakland Co, July 21, 1922 It was 
well scattered over the pasture, but the cattle had browsed 
upon it and there was no sign of either flowers or developing 
fruit Not a plant was found that had not been extensively 
cropped Farwell, No 6280 This station is about 150 miles 
southeast of Houghton Lake 

Potentilla intermedia L This species is well established 
in Macomb Co Washington, No 6196, June 21. 

Getjm Cavadense Jacq Femald and Weatherby have* 
recently revised this species, recognizing besides the type, 3 
varieties and 2 forms Supposed to be growing in Michigan 
are the type and its forma glandulosum, var camporum and 
its forma adenophyllum The summer’s collection revealed (S 
Canadense forma glandulosum Fern & Weath Newport, No 
6242, July 5, Northville, No 6460, Oct 18 Also var camporum 
(Rydb) Fern & Weath. Almont, No 6275$, July 19 

Geum flavum (Porter) Bicknell Another station for this 
species was found at Hamburg It is similar to the preceding 
species, but the petals are of a cream color and shorter than 
the calyx lobes. No. 6257, July 12. 

Rosa blanda Ait. Collected at Ypsilanti, which is rather 
far south for this species No 6219, June 28 

Rosa Woodsh Lmdl. This species was frequent on the rail¬ 
road banks near Romeo The first time I have seen it in over 
thirty years or since leaving the Keweenaw Peninsula No 6191, 
June 21. Mr Gladewitz collected R praltncola Greene near this 
location at this tune. 

Rosa viiaosa L. This species seems to be fully at home 
amongst the shrubbery of roadsides near Hamburg No 6261, 
July 12. At this time the species was not in flower and the 
fruit, though apparently fully grown, was still green and showed 
nothing of its typically soarlet color. 

Sobbub Aucuparia L This species was found along the 
roadside at Hamburg where it evidently was an escape. No. 
6254, July 12. 


» Modern, XXXV (1922) 47-80. 
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Crataegus monogyna Jacq. This species was abundant 
along roadsides and in fields m tho southwest corner of Lapeer 
Co All stages were seen, from the seedling to mature and 
fruiting trees It was past the flowering stage No 6180, 
June 14 

Trifolium arvense L Roadsides at Hamburg Scarce 
No 6255, July 12 

Phaca neglecta, T & G forma Limonia, n f Living 
flowers of a bright lemon-yellow, the withered flowers white, 
yellow flowers fading m the press to a cream color Southwest 
corner of Lapeer Co , No 6179, June 14 As all authors empha¬ 
sise the fact that the typical form of the species has a pure 
white flower, this color variation seems to Ik* worthy of a name 
as a matter of convenience and so should be put on record 

Meibomia Ilunoensis (A Gr) O K. Only three stations 
are given for this species in the Michigan Flora It was found 
to lie quite wide-spread and rather common throughout the 
southeast section of tho State Specimens were collected as 
follows Hamburg, No 6262, July 12, Ypsilanti, No 6347, 
Aug 9, Rochester, Farwell, No 6279, July 21, 1922 

Vicia gracilis Lois Railroad banks at Ypsilanti, No 6344, 
Aug 9 

Falcata comosa (L) O K There are at least two strains 
of this species with regard to pubescence that are worth recog¬ 
nition In the Species Plantarum of 1753, page 754, Linnaeus 
described Glycine comosa and G. bracteata, which are now con¬ 
sidered to *be synonymous and the same as his G. monoica of 
the seoond edition of the Sp. PI,, 1763, page 1023, which is a 
substitution for G bracteata G comosa is described as with 
leaves "hirsutus,” and G bracteata as with leaves “nudiusculus” 
and with stemB that arc “ retrorsum gnseo-pilosus " One of our 
forms has the stems glabrate to retrorsely pubescent with grayish 
hairs mostly oppressed or very nearly so and the leaflets are 
glabrous or essentially so, this form corresponds to the Lin- 
naean G. bracteata The second form has the leaves more 
pubescent and the stem is pilose with brown hairs which are 
not in any wise oppressed , but horizontally or retrorsely spreading. 
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It may represent the form called G comosa by Linnaeus and 
I will so accept it and take it to be the type form of Falcata 
comosa (L) O K Newport, No 6246, July 5, Detroit, Farwell, 
No 1317, Auk 26, 1892 The other form becomes Falcata 
bracteata (L), n comb Pittsfield, No (3211$, June 28, New¬ 
port, No 6238, July 5, Royal Oak, Farwell, No 5592, Aug 12, 
1920, 

Falcata Pitchehx (T & G) O K This differs from F 
comosa in having the pubescence coarser and denser, but of the 
same brown color, the leaves larger and thicker, and the raceme 
usually branched. Grosse Isle, Farwell, No 2181$, Aug 11, 
1910 Evidently all the forms mtergrade and they are probably 
but different phases of one species 

Ilex verticillata (L ) A Gr So far as my experience 
goes, the commonest form of this species in southeastern Michi¬ 
gan is the var tenmfoha The year 1922 was most favorable 
for obseivations as the fruit was abundant and made the 
species a very prominent feature of the landscape The typical 
form was easily recognizable by its small, bright red fruit 4-8 
mm. m diameter with seeds 3f mm long. The variety had 
larger, darker red fruit 7-11 mm. m diameter with seeds 4$ mm 
long The leaves were much alike as to size, shape and pubes¬ 
cence, but those of the variety were minutely puncticulate under 
a lens while those of the species were not. The branchlets of 
the species were brown, while those of the variety were gray, 
or brown on one side and gray on the other In the species 
the fruits are more apt to be two or three together while in the 
variety they are more apt to be single However, the two 
forms intergrade and pass one into the other, and the only 
constant character on which the two forms may be separated 
is that of the pellucid dots m the leaves of the variety The 
species is represented by the following numbers Pittsfield, No 
6213, June 28, Utica, No 6318, Aug. 2, Northville, No 6453, 
Oct 18 

Var. tenuifoha (Torr) Wats Represented by the following 
collections' Lapeer Co, No 6181, June 14, Lakeville, No 
6445a, Oct. 11, Northville, No 6449, Oct 18; AnchorviUe, 
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No 6472, Nov. 5 No. 6181 was collected from plants growing 
along roadsides on the top of a hill in dry, more or less stony 
ground, a very unusual habitat 

Var. cyclophylla Robinson A form with suborbicular leaves, 
2 to 4 cm along the nnd-nb and obtuse at the base, probably 
should be placed here Detroit, Farwell, No 6446, Oct, 16, 
1922 

Aesculus glabra Willd Gibralter, No. 6153, May 31 

Vms cordifolia Michx Newport, No 6243, July 5 

Althaea officinalis L. Near La Salle thiB species has 
Bpread extensively into low marshy grounds No 6291, July 26, 

Lechea Leggettii Britt & Holl In an open woods at 
La Salle, No 6281, July 26 

Aralia hispida Vent This species is known as dwarf elder 
and was found near Romulus where there was a good-sized 
colony of it. This station is rather far south for it. No. 6166, 
June 7 

FRAximrs Americana L f iodocarpa Fernald This form 
differs from the type in having the fruit deeply tinged with 
purple Southwestern corner of Lapeer Co , No 6185 and near 
by in Oakland Co No 6186, June 14 

Fraxintjs Biltmoreana Beadl. Looks considerably like a 
pubescent form of F Americana, or intermediate between that 
and F Pennsylvania, for which it was originally collected. Belle 
Isle, No. 84b, June 24, 1893 and at Junior, No. 4807a, Oct. 28, 
1917 

Fraxinus lanceolata Borck Said to be scarce in Michi¬ 
gan Keweenaw Co, No 84, May 15, 1884; Parkedale, No. 
3247, Oct. 27,1912 Southeast comer of Genesee Co, No. 6177, 
June 14. 

Fraxinus quadrangulata Michx This species is about as 
rare in Michigan as the preceding. Keweenaw Co., No. 726, 
Sept 10, 1880; Belle, Isle, No. 2213}, June 16, 1911; Near 
Farmington. Billmgton and Farwell, No. 5091, July 14, 1918. 

Three other species, F Americana L., F. mgra Marshall and 
F Pennsyhiantca Marshall, are more or less common throughout 
the State. 
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Asclepias purpurascens L One of the rare milkweeds in 
Michigan. During thirty years of field work in southeastern 
Michigan I have seen it on only 3 or 4 occasions, and there were 
not rnoie than three or four plants at any of the localities where 
it was seen Ypsilanti, No 6214, Juno 28, La Salle, No 6284, 
July 26 

Asclepias Sitllivantii Engelm In fields near the railroad 
tracks near La Salle, where it was found in goodly numbers 
No 6288, July 26 

Convolvulus aiivensis L Typical form was collected at 
Detroit No 1470, July 10, 1894 and at Marquette, No 1470a, 
July 6, 1895 It had ovate or oblong leaves with the basal lobes 
sharply acute 

Var obtumfolius Choisy Differs in having the basal lobes 
obtuse instead of acute The leaves arc variable, often 6 cm 
long and two thirds as wide to 3 cm and one sixth as wide 
Waste places at Utica, No 6299, Aug 2 

Var pamfolius Choisy Basal lobes acute as in the typical 
form of the species, but the leaves are reduced m size being one 
or two cm in length, and, exclusive of the basal lobes, essentially 
suborbicular Washington, No 6200, June 21 

Ecniuu vulgare L Ypsilanti township, west of the city of 
the same name, No 6222, June 28 

Verbena Ubticifolia L var simplex, n var Stems 4 to 8 
dm in height, strictly simplo and terminated by a single filiform 
raceme about a decimeter in length and often with a similar 
simple raceme from the axiles of the 3 or 4 uppermost pairs of 
leaves Nutlets smaller than those of the typical form, 1J—1§ 
mm in length A slender, unbranched woods form with smaller 
flowers and fruits In woods near Lakeville, Bilhngton, Farwell 
and Gladewitz, No 6443, Oct 11, 1822, Northvillc, No. 6463, 
Oct 18. Mr Gladewitz has collected it also near Vaasar. 

Monarda mollis L f albiflora, n f Differs from the 
species in its pure white flowers Almont, July 10, La Salle, 
No. 6282, July 26 I collected this many years ago at Royal 
Oak in‘company with the late Mr Brotherton, No 2127J, 
Aug. 24, 1808 
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Clinopodium acinos (L) 0 K This small mint, often 
called mother-of-thyme, is a now denizen of Michigan It is a 
native of Europe, but has become naturalized m the region from 
Ontario to Mass Oxford, No 0375, Aug 23 

Koellia ViRGiNiGA (L ) Farwoll This narrow-leaved species 
was found at a new station As usual for this species it was 
scarce Utica, No 6296, Aug 2 

Koki.ua pilosa (Nutt) Britt On Sept 21, 1921, we found 
at La Salle a species of Koellia overripe and uncharacteristic 
with short ovate leaves, which was taken to be a variety of 
K Virgimana A visit to the place m the following July proved 
it to be K pilosa, a species that had not before been recorded 
for this State It was found in abundance The plant looks 
very much like a densely pubescent, broad-leaved form of K 
Virgimana, but is much taller than that species and grows m 
drier situations No 6023, Sept 21, 1921 and July 26, 1922 
Lycopus Virginicus L This species was collected in a low 
swampy woods at Northville It differs from L umfiorus in its 
non-tuberous base and in its more slender, filiform Btolons, 
which do not bear tubers No 6461, Oct 18 Rare in Michigan 
Mentha rotundifoua (L) Huds A rare species of mint 
in Michigan It has a strong spearmint-like odor. Detroit, 
No 2222, July 22, 1911, LeeaviUe, No 6411, Sept. 27, 1922 
Mentha crispa L Roadsides near La Salle, No 6287, 
July 26 Evidently an escape from cultivation near by. 

Mentha uentilis L. Banks of the Clinton River near 
Utica No 6306, Aug. 2. 

Mentha arvenbis L Typical form of the species with ovate 
leaves having a rounded base and the lowermost small and 
orbicular or nearly so Swamps near Washington, No 6196, 
June 21. Young plants 4 or 5 dm. in height, but too early in 
the season for flowering specimens. 

Veronica Anaoalus-aquatica L var. glandulosa Farwell 
Another locality of the glandular form was discovered It seems 
to be the prevailing form m southeastern Michigan Washing¬ 
ton, No 6201, June 21. 

Galiuu circaezans Michx. var glabkuM Bntt. A smooth- 
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ish form of the species in whieh the. pubescence is confined 
essentially to the margins of the leaves Hamburg, No 6266, 
July 12 

Galiitm concivnum T & G Said to be rare in Michigan 
Widely distributed, but scarce in any one place Ypsilanti, 
No 6224, June 28, Geddes, No 2123, Aug 21, 1909; Zoological 
Park near Royal Oak, No 4414, Aug 27, 1916 

Galium Claytoni Michx One of our rarest bedstraws, 
widely dispersed, but scarce in any one place Hamburg, No 
6249, July 12, Keweenaw Co , No 768, July 18, 1890, Detroit, 
No 768a, July 21, 1892, Parkedale, No 2651, June 9, 1912 
Diodia teiies Walt Another locality was discovered for 
the species, making the second known to us Pontiac, No 
6366, Aug 16 

Campanula rotunmfolia L The typical foim, with linear 
to linear-lanceolate stem leaves and with the base of the stems 
densely puberulent, is scarce Keweenaw Co , No. 306, Aug 6, 
1885, Ypsilanti, No 306a, June 13,1891, Marquette, No 30bb, 
July 6, 1895, Detroit, No 30(>c, July 8, 1908. The commonest 
form of the species in Michigan differs only m having the baso 
of the stern glabrous or with but slight pubescence, and that in 
lines It may be known as 

Campanula rotunmfolia L var intercedens (Witasek), n 
comb (C intercedens Witasek) Hamburg, No 6256, July 12 
Parkedale, No 2756, June 30, 1912 and No 2845, July 14, 1912 
A form of this variety with very narrow leaves may be known as 
Campanula rotundifolia var intercedens forma limfolia, n f 
It does not differ from the variety except in the very narrowly 
linear leaves J to f mm m width Moist, sandy ditches along 
roads at Hamburg, No 6263a, July 12 Another form of the 
variety intercedens when growing in the crevices of cracks m 
Bunny situations becomes dwarfed and more rigid with fewer 
flowers, or often only one flower. It may be known as 
Campanula rotundifolia var intercedens forma dubia (A 
DC.), n. comb. (Campanula dubia A. DC ) Keweenaw Co , 
No 340, Sept 1, 1885, Marquette, No 340a, July 6, 1895 
Lacinxaria spxcata (L.) O K f. albiflora (Bntt), n comb. 
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Flowers white, whole plant very resinous Collected on Harsens 
Island by Mr Gladewitz wheie he said it is quite frequent. 4 

Solidago arguta Ait This goldenrod is not listed in the 
Michigan Flora, nor in forty years of held work have I observed 
it until now Rich woods near Oxford, No 6419, Oct 4 The 
large flower heads 5-7 mm high, the coarsely serrate leaves 
and the broad lower leaves, as well as the habitat, distinguish it 
from S juncea 

Aster machophyi.lus L Widely dispersed throughout the 
State and found in many forms Additional stations are Marl 
Lake, No 4711a, Oct 11, 1917, Lakeville, No 6438, Oct 11 

Var velutmui Buigcss No 3085, Aug. 24, 1912 

Aster Schreberi Nees Rochester, No 3854, Sept 17, 
1914 

Aster paniculatus Lam var cinerascens Fernald The 
stems are strongly greyish rough puberulent Linden, No 6348, 
Aug 16 

Iva xanthiifolia (Frcsn) Nutt Roadsides m Keweenaw 
Co , No 619, July 26, 1888 Pontiac, No 6363, Aug 16 

Helianthus lentioularis Dougl This species was found 
at Almont in waste grounds. No 6276, July 19. AIbo River 
Rouge, No 4338, July 21, 1916 and at Ypsilanti, No 1191J, 
Aug 5, 1891 

Helianthus fetiolaris Nutt Along the railroad tracks at 
Pontiac, where it was plentiful No 6364, Aug. 6 

Helianthus occidentals Riddell Along the railroad tracks 
both east and west of Ypsilanti East of Ypsilanti, No. 1192, 
Aug 5, 1891, Rochester, No 1192a, Aug 25, 1909 Between 
Ypsilanti and Ann Arbor, No 6328, Aug. 9. 

Var Ilhnoenau (Gleason) Gates. Loosely white-woolly 
Hamburg, No 6253, July 12. 

Helianthus Maximiliani Schrad. Dry hillsides in Kewee¬ 
naw Co, No 1653a, August, 1901, waste places in Detroit, 
No. 1653, Aug 22, 1899, the preceding numbers represent 
plants that were about a meter in height and but slightly and 

* Thu white-flowered form was collected July 31, 1022, by Mrs F. W 
Robinson of Detroit, near Ojibway, Ontario 



107 


Michigan Flora 

simply branched At La Salle were found plants that were 
2 to 3 mctera m height and copiously and paniculately branched 
It is a gigantic form of the species and may be known as var. 
paniculata, n var No 6290, July 26 The other and reduced 
extreme, var Dalyi (Bntt) Farwcll, was found on a dry rail¬ 
road bank at Oxford, No 6425, Oct 4 

Achillea Ptahmica L. Sneezwoort Rare in Michigan 
Waste grounds in Detroit, No 3554, Oct 15, 1913 

Achillea bohealis Bongard Frequent on the Keweenaw 
Peninsula Copper Harbor, No 4004, July 8, 1915 and No 
5968, Aug 16, 1921 Heads rather large and the involucral 
scales black-margined 

Achillea abplenifolia Vent A rosea Desf, A Mille¬ 
folium var rosea T & G , A Millefolium var asplentfoha Far- 
well Rays rose-pink to magenta Ypsilanti, No 1162, June 27, 
1891, Ortonville, No 6189, June 14. 

Achillea Millefolium L The common yarrow Mostly 
green and glabrate with large and openly dissected leaves In¬ 
volucral scales green with a brown margin Detroit, No 431b, 
July 23, 1892, Rochester, No 4584$, Sept 12, 1917 

Achillea lanulosa Nutt Somewhat sunilai to the above 
but densely woolly in all its parts, leaves smaller with divisions 
close and more prickly, corymb very convex Keweenaw Co, 
No. 431, July 26, 1886, Ypsilanti, No 431a, June 21, 1891, 
Detroit, No 431c, Aug 4, 1899, Parkedale, No 2762, June 30, 
1912; Washington, Nos 6005 and 6006, Sept 14, 1921, Wood- 
vxlle, No. 5459, Aug 4, 1921, Royal Oak, No 5787$, Aug 19, 
1920. A form of this has the rays colored “laeha pink,” accord¬ 
ing to Ridgeway’s standard colors, and may be known as forma 
rubicund*, forma nov Roadsides and fields at Washington, 
No. 6193, June 21 

Achillea occidentals Raf This differs from the above in 
its smaller cylindrical heads with involucral bracts all stramin- 
ous and without a dark-colored border. Washington, No 6192, 
June 21. Slocum's Island, No. 5985, Aug 31,1921, Marl Lake, 
No 5710, Sept 18, 1920. 

Tussilago Fabfaba L. Coltsfoot. A small patch of colts- 
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foot was found m a tamarack swamp at Washington It seemed 
to be as native as any of the other botanical denizens and if an 
introduction and naturalized it is the only such species to be 
found there At the time we were there, there was no evidence 
of either flowers or fruit, No 6195, June 21 

Ebbchtites hieracifoija (L) Raf var. intermedia Femald. 
In this variety the upper leaves are reduced and bract-like 
Oxford, No 6371, Aug 23 

Carduus acanthoides L This species of plume thistle is 
rare in the New World, being found only on ballast giounds 
from Nova Scotia to New Jersey It is found on the farm of 
Mr. J C Townsend, m Addison Township, Oakland County, 
where it has been a denizen for at least twelve years A very 
handsome plant when in full bloom Billington, Farwell and 
Gladewitz, No 6436, Oct 11, 1922 

Cichoryum Intybus L Chicory A widely dispersed weed 
It has three color variations, the commonest being blue gener¬ 
ally considered to be the typical form Detroit, No 1327, 
Sept 23, 1892, Copper Harbor, No 1327a, Aug 23, 1898. A 
pink or pale rose-colored flower is frequent and may be known 
as f rubicunda, n f Collected some years ago at Detroit 
A third form has pure white flowers and may be known as f 
alba, n f Collected some years ago at Detroit Also at New 
Baltimore, No 6390, Sept. 27, and Anchorville, No 6391, 
Sept. 27. 

Var dwancaia DC. Heads on spreading peduncles. Detroit, 
No 1650, Aug 4, 1899. 

Virea atjtcmnalis (L) 8 F. Or This is commonly called 
the fall dandelion. In 1904 two localities only were recorded 
in the Michigan Flora. It is quite plentiful on a lawn at Almont, 
No. 6277, July 19. This is listed in Cray's Manual under 
Leontodon, but as the common dandelion is the type species of 
that genus and as the two are not con-geneno, this must take 
another name Bntton and Brown use the genenc name Apargia 
of Scopob, 1772, but Virea Adanson has nine years priority. 

Lacttjca Canadensis L. var longifoua (Michx.) Farwell f. 
anguBtipes (Wieg.), n. comb Laduca Canadensis L. var typica 
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f angustipes Wieg, Rhodora, XXII (1920). 10 Similar to the 
variety, but having the leaves narrowed at base instead of 
sagittate Utica, No 6312, Aug 22 The first time I have 
observed any form of the wild lettuce without sagittate leaves, 
evidently not frequent in Michigan The var latifolia O K 
with white flowers was collected at Almont, No 6274, July 19, 
this form with white flowers may be known as forma pallida, n f 

Sonchos arvensis L var marittmus Wahl, FI Suec (1824), 
p 483, var glabrescens Gunth., Grab & Wimm, Enum Stvrp 
Phan Sties , (1824), p 127, according to S. F. Blake in Long, 
Torreya, XXII (1923) 92, var laempes Koch, Syn , II (1844) 
498, var eglandulosus, Farwcll, Rept Mich Acad Sci , XX 
(1918) 192, S mantmus L, Am Acad , VIII (1789) 102, 

103, non Syst, S uligmosun Bieb , FI Taur Cauc , II (1808) 
238 This variety differs from the species m having glabrous 
peduncles and involucres and m being more or leas glaucescent 
At Detroit it is at home in an unimproved, grassy lot where it 
has maintained itself for many years It has not spread by seed 
in this lot at least No. 5143, Sept 15, 1918. It was collected 
in Oakland Co, in what is now called the Zoological Park, 
situated between Detroit and Royal Oak, No 4559$, Sept 8, 
1917. This, like the preceding collection, was in grass land I 
have not seen it either on the ordinary waste grounds or in 
cultivated fields 

Hieracium Pilosella L This small scaposc hawkweed was 
collected during the current year in Bloomfield Township, Oak¬ 
land Co , by Mr. C Billington of Detroit In 1904 Beal gave 
but one station for this species, — Benzonia 

Department or Botany . 

Pause, Davis A Co. 

Detroit, Michigan 




ATTEMPTS AT REVERSAL OF 
GEOTROPIC RESPONSE 

A ANNA HAIRE 
INTRODUCTION 

Published papers by Small (1), Small and Rea (2), Small 
and Lynn (3), and Miss Lynn (4) record results which they 
interpret as reversals of geotropic response 

The appearance of the roots m Small’s plates raised doubt 
as to the correct interpretation of the physiological behavior of 
the seedlings used The bends do not look like geotropic curva¬ 
tures, but the plants look shriveled and contorted as though 
they might have been injured in the experiments 

Small’s purpose in undertaking the experiments was to 
furnish evidence for his hydrion differentiation theory. Accord¬ 
ingly stems, supposedly inherently alkahne, were surrounded by 
an acid atmosphere, and roots, acid in nature as postulated, 
were subjected to an alkaline atmosphere, namely, ammonia 
vapor 

The papers by Small and Rea and Lynn already referred to, 
and an additional paper by Small on reversed heliotropism (5) 
constitute the literature on the reversals of response in organ¬ 
isms that are not motile S 0 Mast (6, 7) has written of the 
reversion'in orientation to light, and of the effects of chemicals 
on reversion m orientation to light of colonial forms, but re¬ 
versed geotropism is not treated by him. 

A senes of experiments, begun in October, 1922, and con¬ 
tinued through March, 1923, comprise the attempts at reversals 
of geotropic response treated in the present paper. Hus work 
was done m the Botanical Laboratory of the University of 
Miehigan under the direction of Professor F. C. Newcombe 

ill 
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EXPERIMENTS AND DISCUSSION 

Only geotropic experiments with young seedlings are included 
here The series of experiments consisted of four distinct 
groups, three with stems and one with rootB One senes of 
stems was subjected to an acid atmosphere, the stems of 
another series were coated with vasehne and ohvc oil, and 
those of the third were given a carbon dioxide atmosphere, 
roots were kept in ammonia vapor These were the conditions 
used by Small and Lynn 

The general method of supporting the seedlings in the damp 
chambers consisted m secunng the row of seedlings between two 
strips of blotting paper laid upon a wooden bar, each seedling 
was held m place by rubber bands surrounding the wooden bar 
and the strips of blotting paper The wooden bar waB held in 
place in the damp chamber by wedging it against the sides of 
the jar by a short section of rubber tubing The objectionable 
method used by Small of pinning through the cotyledons or the 
endosperm for support was never employed in this work 

Stems m Acetic Acid Atmosphere 

Acetic acid atmosphere for stems should cause positive ge- 
otropism, according to Small’s theory and according to his results 
Acetic acid of one, five, ten and twenty per cent was used to give 
atmospheres of increasingly greater acidity m the experiments 
attempting to produce positive curvature of steins Very short 
stems were used, mostly one to four centimeters long Pmm 
sativum L was used in only three experiments, the other 
experiments were all with Zea mays L. seedlings, the species 
Small found most satisfactory. 

In one per cent acetic acid vapor — One per cent acetic acid 
was used for the acetic acid experiments with steins because 
Small recorded reversed curvatures in vapor from this strength 
Zea mays seedlings grown in sphagnum moss were fastened on 
supports in four-sided jars of 1300 c c capacity, lined with wet 
absorbent paper. Others were left m soil m the small crystalhs- 
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ing dishes m which they started, and these dishes were fastened 
securely in the jars Ten cubic centimeters of one per cent 
acetic acid were poured into the jars, and the jars were placed 
in the dark from five to twelve hours with the seedlings upright 
The seedlings were turned to a horizontal position by turning 
the jars The atmosphere did not test acid with litmus paper 
at the end of twenty-four hours when it was supposed the 
seedlings had been given plenty of tune to show growth curves 
There was no evidence of reversed curvature here m the vapor 
from one per cent acid, there were only normal negative 
responses 

In five per cent acetic acid vapor — As one per cent acetic 
acid vapor failed to produce positive geotropism of Btems, five 
per cent was tried Five cubic centimeters were put into the 
jars at first, and the atmosphere was kept acid by adding two 
cubic centimeters of five per cent acid every twelve to fifteen 
hours The atmosphere was tested for acidity by suspending 
a piece of moistened litmus paper, blue when put in but soon 
changing to red 

Ten experiments with Zea mays, including eighty-one seed¬ 
lings with stems one to five centuneters long, showed growth and 
bending that were only slightly lees than normal, but all the 
curves were negative The three experiments with Puum 
sativum showed like results 

In ten per cent acetic acid vapor, — No reversals of curvature 
were obtained in five per cent acetic acid vapor, and so ten 
per oent was used Seedlings on supports in vapor from this 
strength were injured The roots of Zea mays seedlings were 
browned as were also the coleoptiles. The growth in this 
atmosphere was less than in five per cent as were also the angles 
of bending, but the curvatures were negatively geotropic. The 
seedlings in the crystallizing dishes were hardier. They showed 
no injury m the atmosphere from ten per cent acid, conse¬ 
quently, the growth was better in these stems than in those 
on the supports, and the angles of curvature were greater, but 
here also the bends were negatively geotropie 

In vapor from twenty per cent acetic acid — As the curvatures 
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were still negative in the vapor from ten per cent acetic acid, 
twenty per cent was used, to see if curvatures would take place 
before the stems were injured Ten cubic centimeters of twenty 
per cent acetic acid were put into a jar of 1300 cc capacity. 
No more acid was added during the course of the experiment 
In atmosphere of this strength there was no growth, the Btems 
became brown and contorted; there was no geotropic response. 

Young Stems Coated with Vaseline and Olive Oil 

Another way to make stems acid, Small thought, was to coat 
them with vaseline, causing an accumulation of the carbon 
dioxide of respiration The method used in this work was very 
similar to that of Small and Rea After the stems had been 
coated with vaseline, they were placed vertically m the dark 
for two or three days, and then turned to a horizontal position 
Lupmus albus L , Zea mays L., Pisum sativum L, and Helianthus 
annuus L were used principally, others used to a less extent 
were Avena sativa L, Cucurbita maxima Duchesne, and Vicia 
Faba L. 

The etiolated seedlings used were grown m pots of sphagnum 
moss The green seedlings used were left m the crystallizing 
dishes m which they were started The stems were from seven 
to thirty millimeters long when first coated, and the coating was 
renewed often enough to insure continuous envelopment of the 
growing region in vaseline. 

Some of these stems remained horizontal, but most of them 
showed upward bending with a lesser angle of curvature than 
normal in nearly every case Pisum sativum and very young 
Vicia Faba stems were the ones that remained horizontal or 
drooped These showed no growth Penetration by the vaseline 
had made them translucent The envelope of plumule leaves of 
Zea mays had protected their inner growing tissue, hence their 
greater growth as compared with Pisum sativum and Fteto Faba. 
Lupmus aUme stems showed the best growth and the sharpest 
upward curvatures. There were no reversals of geotroiuo 
response. Some seedlings showed erratic bends, varying indi* 
vidually, but these behaviors were due either to the weight of 
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the seedlings, or, as m Pisum sativum, and Vicia Faba, to the 
injury by the vaseline 

The seedlings which had been grown in the crystallizing 
dishes and had short, green stems when put into the dark room, 
became etiolated and tall within three days and sagged when 
turned to the horizontal position 

For the experiments with vaseline, eighty Zea mays, fifty-six 
Lupmus albus, thirty-two Pisum sativum, one hundred Helian- 
thus annuus, fifteen Cucurbita maxima, thirty-seven Avena 
sativa, and fourteen Vtcia Faba seedlings were used These 
varied m length from stems of one centimeter or less on the 
supports, to stems four to six centimeters long in the crystalliz¬ 
ing dishes Specific data on all of these were kept through a 
period of four months with general results as described above 
In all cases, the longer the stems when coated, the more hkcly 
were they to remain honzontal or sag, the younger ones except 
Pisum sativum and Victa Faba showed nearly normal angles of 
curvature The longer bends or saggings of the longer stems 
were not appreciably different from those m the controls 
The results recorded above make it certain that the vaseline 
method is very unsuitable When there was much penetration by 
the vaseline, there were no growth and no bending, when there 
was little or no penetration, the curvatures were almost normal 
As vaseline was found to be very injurious to the seedling 
stems, olive oil was tried instead Two experiments with Zea 
mays and two with Lupmus albus proved sufficient for this test 
The method used was the same as with vaseline. Steins of Zea 
mays ten to twenty-two millimeters long and of Lupmus albus 
fifteen to twenty millimeters long remained honzontal in the 
first trial, having failed to grow; m the seeopd trial, growth of 
two to three millimeters made possible slight upward curvatures 

Sims m Carbon Dioxide Atmosphere 

As coating with oil proved unsuited for the purpose of obtain¬ 
ing active stems with possibly acid sap, Miss Lynn's method of 
using a carbon dioxide atmosphere was tned. Heltanihus annuus 
was the species used pnncipally m these expenments 
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Carbon dioxide was generated and made to displace different 
amounts of water in graduated bell-jars In the jars crystallis¬ 
ing dishes containing seedlings of various lengths were placed 
on standards above the water Though the bell-jars were 
calibrated, only an approximate measure of the carbon dioxide 
was possible, and so a method of testing by titration was used 
in most of the experiments A known amount of barium hydrox¬ 
ide was made to absorb a definite number of cubic centimeters 
of the gas in the bell-jar This was titrated with hydrochloric 
acid of the same normality Calculations by the use of tables 
of chemical data gave the true percentage 

The bell-jars containing seedlings were placed in the dark 
room or covered with black paper The atmospheres, tested 
immediately after the experiments were set up, and again after 
sixteen hours or two days, showed an increase of about four 
per cent during the course of the experiment 

The longer stems sagged, but the upper part of the hypoeotyl 
contained an upward bend of a small angle The younger, 
shorter stems curved upward in sharp angles near the soil The 
younger the seedlings, the sharper were the bends A few 
longer Lupmus alhm stems m twelve and one-fourth per cent 
and m twenty per cent carbon dioxide showed similar behavior. 
The growth region in these made an upward angle; the hypo- 
cotyl sagged Phaseolus vulgana L. in eighteen per cent carbon 
dioxide showed slight upward curvature in the epicotyl, the 
hypoeotyl remained horizontal as it was no longer growing. 
Cucurfnta maxima m thirty-three per cent carbon dioxide showed 
slight upward curvature 

Seven experiments with Hehanlhus annum, exhibiting the 
same reactions as described above, included one hundred and 
twenty-five seedlings In these seven experiments seedlingB in 
crystallizing dishes were placed horizontally under bell-jars. 
Thirty, twenty, thirty, twelve, nine, thirteen, and eleven seed¬ 
lings were subjected to carbon dioxide atmospheres of four, 
mne, ten, fourteen, sixteen, eighteen, and twenty per cent 
respectively 

Three experiments with Lupmus albus stems included six- 
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teen seedlings' eight, two, and six in peicentages of carbon 
dioxide that were twenty, fifty, and twelve respectively The 
angle of negative curvature was less and the extent of the bend¬ 
ing region greater than in the controls, but there were no 
reversed curvatures 

Zea mays shoots five to eight centimeters long remained 
horizontal m the ten per cent and thirty-five per cent carbon 
dioxide The growth even m the controls here was very little, 
the upward bends were extended over a long region and were of 
small angles 

Thirteen Ptsum sativum stems one to four centimeters long 
in twelve per cent and twenty per cent carbon dioxide showed 
good growth and sharp upward curves with the bends at the 
first node 

Four Brasnca alba Boess shoots in seventy-five per cent 
carbon dioxide drooped One of these had hung limp before the 
carbon dioxide had displaced all of the water in the jar 

Four A vena saliva shoots in twenty-five per cent carbon 
dioxide showed upward curvature of Bhghtly less than normal 
angle 

Five stems of Fagopyrum esculentum Moench one to four 
centimeters long in nine per cent carbon dioxide grew well 
The shorter stems curved upward and the longer ones sagged 
Miss Lynn found nine per cent carbon dioxide the critical 
strength, obtaining both normal and reversed curvatures m this 
and in higher percentages 

Of the hundreds of seedlings used m the present work only 
a few remained horizontal, and even a smaller number exhibited 
curves which had a reversed direction, but which were not 
growth curves All of the other curvatures were negatively 
geotropic responses, normal except that the angle of curvature 
was less than that in the controls 

Miss Lynn’s Helianthus curves look very much like the sags 
of the stems in the accompanying plates Both short stems 
with normal upward curves and longer sagging stems are shown 
m Plate XVI, Fig. 2. These stems had been in fourteen per 
cent carbon dioxide. They had grown two centimeters in forty- 
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eight hours The stems with negative curves were four centi¬ 
meters long when set up, the sagging stems had measured six 
centuncters Twelve stems, nine to twelve centimeters long, in 
twenty per cent carbon dioxide Bhowed no growth, and therefore 
no curvature, but only sagging The controls showed long 
gradual bends (See Plate XVII, Fig 2) 

A separate set of controls to the experiments with vaseline 
and carbon dioxide were run to test further for the behavior in 
normal atmosphere but without light. Seedlings of various species 
were grown in crystallizing dishes, and when the steins were just 
emerging from the soil, were set in the dark room in a horizontal 
position and left for a week. This test was made because Mibs 
Lynn states that untreated stems in the dark sometimes become 
acid enough to make downward curves Observations were made 
each day The results stated briefly are as follows 

Sixteen Avena sativa shoots showed upward curvature at 
first, but upon becoming longer sagged 

Three Lupinus albus stems showed lengthening of the region 
of curvature 

Sixteen Zea mays shoots varied in their behavior, some 
curving upward, some sagging, and some remaining horizontal 
Five Pisum sahvutn stems showed sagging, with the bend 
two centimeters from the soil, but in the growing regions there 
were upward curves 

Five CucurbUa maxima stems showed sagging with upward 
curvatures in the growing region. 

Seven Phaseolm vulgaris stems moluded upward bending just 
below the cotyledons, saggings, no bending, and turning in a 
horizontal plane, but bending up at the end 

In no case after a week’s time were there sharp upward 
curvatures m the stems of these control seedlings. The regions 
of curvature were lengthened and the angles were reduced after 
the first two or three days, because of the progress of the region 
of growth. Almost the same characteristics were shown in these 
control seedlings as m the stems coated with vaseline and in 
those in carbon dioxide atmosphere The greater deviations 
from normal m the stems experimented with were due, it is safe 
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to conclude, to injury and to loss of turgidity, but in no case 
could the bends be interpreted as reversed curvatures 

Roots m Ammonia Vapor Atmosphere. 

For the experiments with roots in ammonia vapor atmos¬ 
phere, Zea mays and Vicia Faba seedlings were used Zea mays 
roots were used for testing for strength of ammonia solution 
which would not cause noticeable injury Four-sided glass jars 
of 1750 c c capacity were lined with moist absorbent paper In 
these jars were fastened com seedlings with roots four centi¬ 
meters long In one of these jars were poured five cubic centi¬ 
meters of five-tenths per cent of twelfth normal ammonia 
solution, in a second the same amount of twenty-five hundredths 
per cent, m the third twelve hundredths per cent, in a fourth 
six hundredths per cent, and m a fifth three hundredths per 
cent The roots in the five hundredths per cent atmosphere 
were browned for about five millimeters, the roots m twenty- 
five hundredths atmosphere were apparently uninjured after 
fifteen hours, but the atmosphere tested alkaline with moistened 
litmus paper. Ammonia solutions of twenty-five hundredths 
per cent and twelve hundredths per cent were used for testing 
further, the weaker was renewed twice as often as the stronger, 
each time with the addition of two cubic centimeters Com 
grains with the roots just emerging were placed on a support 
and five cubic centimeters of twelve hundredths per cent 
ammonia solution were put in at first The atmosphere was 
renewed every five to six hours The litmus paper, red when 
put in, soon changed to blue and remained blue The roots 
here showed normal geotropism. 

In the twenty-five hundredths per cent atmosphere, the roots, 
if left for more than twenty-four hours, became brown. During 
the first few hours, however, before injury was evident, they 
had remained horizontal as compared with positive geotropism 
in the twelve hundredths per cent atmosphere After twenty- 
four hours some of the roots showed horisontal bends and some 
of them had grown in two or three directions, as though they were 
uncomfortable. When the roots were uninjured, the response 
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was normal, when they were horizontal or curved abnormal^, 
they had not grown or they were injured bj the ammonia 

Vicia Faba roots were the ones Small found to show the best 
results, and tfo a series of experiments with these seedlings was 
performed The method used was the same as the method just 
described for Zea mays Seedlings with roots one to three centi¬ 
meters long were put into jars of 1750 c c capacity, containing 
ammonia solution of twelve hundredths per cent and twenty- 
five hundredths per cent. In a weaker atmosphere the roots 
were uninjured and showed normal geotropic response, but m the 
stronger atmosphere they remained honzontal and did not grow. 
If left in for a period longer than twenty-four hours they became 
brown In the atmosphere from twenty-five hundredths per cent 
ammonia solution, both with Zea mays and Vicia Faba, there was 
no growth in most cases, and so there could be no curvature, 
while in the twelve hundredths per cent atmosphere the growth 
was almost normal In two of the experiments using twenty-five 
hundredths per cent ammonia, there was slight growth and slight 
downward curvature of the roots. 

The Vicia Faba experiments for roots were ten m number 
five including twenty-eight seedlings m twenty-five hundredths 
per cent ammonia hydrate atmosphere, and five including 
twenty-four seedlings m twelve hundredths The roots were 
from one to four centimeters long when set up Growth m the 
vapor from the stronger solution was only one or two centi¬ 
meters or none at all in two days, in the vapor from the weaker 
solution the growth was as much as four centimeters in two days. 

SUMMARY 

A senes of experiments attempting to get reversal of geo- 
tropic response was undertaken because of doubt as to the 
correct interpretation of Small’s and Bea’s and Lynn’s results 
m the experiments in which they record reversed curvatures. 

The experiments include the employment of acetic acid 
vapor, vaseline coating, olive oil coating, and carbon dioxide 
atmosphere for stems; and ammonia vapor for roots Young 
seedhngs were used and placed horizontally in the dark 
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Acetic acid vapor was found to have no effect m changing 
the geotropic response of stems Stems uninjured, but m an 
atmosphere testing acid, showed normal, negative geotropism, 
but those m stronger atmosphere grew very little or not at all 
and bent upward only very slightly, remained horizontal, or 
showed erratic bendings varying individually 

Vaseline and olive oil coating for stems, supposed to keep in 
the carbon dioxide of respiration, and make the stems acid, 
prevented normal curvature only when inhibiting growth or 
causing injury Long H chant hus annuus and Luptnus albus 
stems sagged, but bent upward near the upper end Long Zea 
mays stems remained horizontal, having exhausted the food 
supply in the grain There were no curvatures that could be 
interpreted as reversals of geotropic response 

Stems in carbon dioxide atmosphere showed upward curva¬ 
tures with the angles proportionate to the rate and amount of 
growth Where growth was inhibited, there was no curvature 
in the shorter stems, and in the longer ones there were gravity 
sags In longer stoms showing some growth there was a region 
of upward bending near the cotyledons 

Hoots m the ammonia vapor behaved much like stems in 
acetic acid vapor, with the curves normal when no injury was 
present The roots exhibited normal geotropic response m the 
jars containing twelve hundredths per cont solution, which was 
strong enough to test alkaline, but weak enough not to cause 
injury In twenty-five hundredths per cent atmosphere growth 
was almost entirely inhibited. Here the seedlings remained 
horizontal or showed injury and curved abnormally m hooks 
and turns, but not geotropically. 

Sufficient attempts were made to obtain ^reversed curvatures 
if they were to be obtained. The failure to get them, as Small 
and Rea and Lynn claimed m similar experiments, was, most 
likely, due to the difference in interpretation of the data of 
experimental results — the interpretation of the physiological be¬ 
havior of the seedlings in the acid and alkaline atmospheres 

Umvaasm or Michiqax 
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EXPLANATION OF PLATES 

FLATS XVI 

Fig 1. Hehanthu* annuo* stems left m carbon dioxide of sixteen per cent 
(at left) and of eighteen per cent (at right) for forty-eight hours One 
short stem is homontal, others contain upward curvatures with bug 
bending regions, some sag, but curve up near cotyledons 
Fig 2 Hehantku* annum stems left in fourteen per cent carbon dioxide 
for forty-eight hours (at right) Growth was two centimeters Shorter 
stems show decided negative curvature, longer stems sag Control stems 
(at left) show sharp negative bends near the sod 

FLATB XVH 

Fio 1 Btkantkm annum steins which had been coated with vaseline and 
left in the da rk three days w vertical and one day in homontal position. 
(Note similarity to long control steins shown in Fig. 2.) There to a long 
region of curvature, but negative geotropism. Some have turned over 
after curving up Some have fallen over by gravity after they had made 
Upward curves, thus simulating positive gsotcopie curves* 

Fig. 2 . Controls for Rttototim* mmu steins nine to twelve centimeters 
bag These were bit tor torty-citfit hours in the dark k a feaiwmtal 
position. Note bag beadb«>re#ett, and barisontal toms due to weight. 
Borne have turned over after, having bent upward* 







THE LIFE-HISTORY OF A NEW HOMO- 
THALLIC MUCOR* 

BESSIE BERNICE KANOUSE 

The cunous fact that nearly all the known speciea of the 
genus Mucor are heterothalhc makes the finding of a new 
homothallic species of more than ordinary interest. The modern 
studies of Blakeslee indicate that only one of the latter speare 
is well known, vis, Mucor geneverms, and that veiy little 
reliance can be placed on the older records of suoh species 

On January 17, 1922, such a Mucor was isolated from fresh 
horse dung which had been obtained from a stable m the 
vicinity of Ann Arbor From an initial gross transfer, spores 
were sprayed upon agar, and in due time three single germinat¬ 
ing spores were cut out of agar and transferred to sterilised 
bread in glass capsules The three capsules were marked A, B, 
and C respectively. Culture A, however, was soon lost The 
material from the single spore C was subcultured and studied, 
while that from B was set aside for class use. 

About two months later, sygosporeB were found m some sub¬ 
cultures of both B and C. The discovery of sygospores sug¬ 
gested a homothallic Mucor. It seemed desirable, therefore, to 
make some further studies 

The fungus was cultured on various kinds of media including 
the following! bread, oatmeal agar, com meal agar, and Blakes- 
lee’s synthetic agar. By far the best results for the sygospore 
formation were obtained in the cultures on Blakeslee’s agar. 
Upon this medium sygospores were formed m such numbers in 
cultures five to seven days old that they gave a reddish-brown 
color to the surface of the agar. The coloration could be seen 
easily without the aid of a lens when the scant mycelial growth 

* Thaw studies went made under the direction of Dr. C H K au ff ma n 

m 
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was pushed away Azygospores were also numerous in cultures 
grown on some of the other media, under these conditions, 
however, the fungus produced fewer zygospores and a pro¬ 
portionately greater number of sporangia and a taller turf 

As a standard culture medium, fresh white bread was found 
desirable with reference to the development of the morphological 
characteristics of the fungus Bread, slightly moistened, was 
placed m large gloss capsules and sterilized m an autoclave for 
twenty minutes at fifteen pounds pressure After the transfer of 
spores to the bread, the cultures were placed in an incubator at 
25° C At this temperature it was found that zygospores would 
form abundantly within four days The following description 
was made from such cultures 

The aenal turf is less than three cm in height It is white 
in mass in the early stages of development, becoming “drab 
gray” to “smoky gray” (Ridg) The delicate hyphae contam 
gray, granular protoplasm, oil particles and other inclusions 
The protoplasm in or near the suspensors is often very dense 
and distinctly golden brown or bright orange On Blakeslee's 
agar m young cultures the colors are decidedly brilliant The 
protoplasm may even be tinted a distinct rose pink. 

The sporangiophores branch sympodially (Plate XVIII, Fig 
1) The branches of the sporangiophore with the exception of 
the youngest, are cut off by a basal cross-wall The portion of 
the sporangiophore branch above the wall becomes nearly devoid 
of protoplasm by the time its apical sporangium has been 
formed (Fig. 2). In old mycelium cross-walls are frequently 
found scattered irregularly. 

The sporangia are borne either terminally on sporangiophores 
or on the ends of the branching hyphae (Fig. 1) They are 
spherical and measure 30-52 n m diameter (Fig 5) The 
sporangium wall is smooth. It is very fragile and is broken 
away easily, leaving only a small irregular ring at the base of 
the columella The sporangium wall is attached to the columella 
only at the point of union of the sporangiophore and columella 
The columellae are mainly spherical, sometimes slightly oval, 
quite uniform and without extreme variation in shape; they 
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measure 20-48 n in diameter (Fir 4) The sporangmspores are 
small and hyaline, measuring; 4-6 5x 2 5-3 5 fi The smaller 
ones are oval to spherical m shape, while the larger ones are 
elliptical (Fig 6) 

Chlamydospores and oidiosporcs are also formed The former 
are frequent and occur m the vegetative mycelium near the 
surface of or within the substratum At maturity they become 
easily detached from then hyphao Sometimes they are joined 
m chains of five to six, but more commonly appear cither singly 
or in two’s They are usually ellipsoidal, provided with thick 
walls and a densely granular, gray protoplasmic content (Fig 3) 
What may be called oidiospores are less frequently seen They 
differ from the chlamydospores chiefly in having thinner walls 
Their shape and size are rather unusual for this type of mycelial 
variation and the content is pale gray in color (Fig 3c) 

Zygospores are formed as a result of the fusion of two 
gametangia of unequal size The gamctangia are cut off from 
the ends of the suspensors by cross-walls in the usual way The 
suspensors also vary in size and shape, depending in part upon 
the point of origin on the hyphae, they are sometimes long and 
club-shaped, as is the case when the ends of two hyphae unite 
They may be very short and thick, or may even be so swollen 
as to be almost spherical (Figs 7-10) 

The suspensors may originate from two parallel hyphae 
(Fig 7), or the tip of a free hypha may conjugate with the side 
of another hypha (Fig 9) Sometimes conjugation occurs be¬ 
tween the ends of two hyphae from entirely different sources 
(Fig 10). The most definite proof of the homothalhc character 
of this species is m cases where the tip of one hypha turns 
toward its own supporting hypha to form4he zygospore (Fig 
11) When a gametangium is formed on or near the end of a 
hypha, the latter usually produces a short-pointed prolongation, 
presenting a condition much like what one observes in zygospore 
formation in Zygorhynchus (Fig 8). The prolongation is some¬ 
times long and slender, at other tunes short and stout It is 
frequently filled with dense protoplasm colored as described 
above for the suspensors. 
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The zygospores are unusually small as compared with those 
of many Mucors Their size ranges from 65 x 65/ttol8x20p 
They are spherical in shape with those portions to which the 
suspensors are attached slightly flattened The golden-brown 
exospore is covered with pointed, warty excrescences that give 
to the surface of the zygospore an elaborately sculptured ap¬ 
pearance of a definite pattern (Plate XIX, Figs 12-13) 

The internal development of the zygospores can to a certain 
extent be studied in the living material, as was done by Bre- 
feld (3) in some species This is the tpore easily accomplished 
because the exospores of this species are readily removed so 
that the contents, still surrounded by the inner wall or walls, 
can be seen with remarkable clearness 

A slight pressure of the cover glass on a water mount breaks 
away the outer wall, leaving the interior intact The whole 
process can be watched under the microscope Figures 15a to 
15j show, after such removal of the exospore, various conditions 
of the protoplasm and its distribution as well as the vacuolization 
and the oil globules As far as could be determined, these 
conditions at different stages of maturity agree with the cyto- 
logical evidence of the protoplasmic changes, as published by 
Miss Keene (4) 

In zygosporic material two weeks old, it is possible to find 
zygospores in various stages of development The younger zygo¬ 
spores possess a cytoplasmic structure that is finely divided and 
is evenly distributed throughout the zygospore A zonation soon 
appears, however, separating the central mass of globular reti¬ 
culate material from the outer layer of cytoplasm These 
globules appear like fusions of the smaller particles The fusions 
appear to take place first in the center, and to continue outward 
until the entire zygospore is filled with large foam-Uke structures 
The contents of the globules are highly refractory. 

The globules evidently fuse rapidly, for in cultures two weeks 
old this condition has disappeared in the majority of the 
zygospores, and a large centrally placed oil globule nearly 
fills the zygospore. A thin layer of protoplasm surrounds the 
oil globule 
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This condition is found also in zygospores three months old 
But in zygospores twelve months old, left in cultures which had 
gradually dried up, the walls inside the exospore are very much 
thicker than in the cases previously mentioned, the protoplasm 
has been drawn away fronr the walls, presumably by loss of 
water, although it still encloses n large oil globule This oil 
globule is only slightly smaller than in zygosporcH only two 
week« old (Fig 15j) 

Azygospores are formed when the conditions are favorable 
for the maximum production of zygospores They aic smaller 
in size than the true zygospores, but the outer wall has the 
same curious markings and golden-brown color that is present 
m the zygospore (Fig 14) They are formed on the ends of 
hyphae, or arise from an almost indistinguishable suspensor 
growmg directly from the side of a hypha By careful manipu¬ 
lation of a microscopic mount, it was easy to determine the fact 
that only one suspensor had been attached to the azygospore 
The absence of the point of attachment is as conspicuous as is 
its presence 

Soon after zygospores were found in cultures B and 0, n 
new single spore culture waa made from the B culture The 
new culture was designated culture D It was expected that 
zygospores would be produced in this subculture under the con¬ 
ditions previously found favorable m the othei cultures But 
no zygospores were formed in this new subculture D, nor m 
any of the cultures of this strain, In all respects excepting only 
that of zygospore formation, the plants of strain D correspond 
to those of cultures B and C A consideration of the behavioi 
of culture D, and of similar cases reported by Blakeslee, may 
help to explain some of the characteristics that have appeared 
regularly in the cultures B and C These characteristics are 
found both in cultures only a few days old when a good food 
supply is available, and in older cultures as well The stimulus 
due to mycelial contact is present and results at times in the 
production of gametangia-hke organs, but their ability to fuse 
and form zygospores is apparently absent (Fig 16) These 
gametangia and their suspensors differ from the normal organs 
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m that all parts are poorly nourished, are quite vacuolate, and 
remain partially hyaline 

Such forms are similar to the imperfect hybridisation figures 
published by Blakeslee (1), showing the interactions between 
Mucor (V) and Zygorhynch.ua heterogamus, when grown together 
in culture In another paper Blakeslee (2) has shown that 
certain variations obtained from homothalhc Mucor gencvenais 
show unmistakable evidences of reacting as a plus race when 
grown opposite a known minus race From this it seems clear 
that bisexuality is not a fixed characteristic of all the spores 
formed in a sporangium of these two homothalhc Mucors The 
balance of sexuality may be so unequal that a decided either 
plus or minus factor prevails in some of the spores It is entirely 
probable that Btrain D originated from and represents such a 
spore, and that plants from spores similar to strain D are 
present m cultures B and C This would account for the 
pecuhar half-formed reproductive organs present due to the 
interaction between mycelium from the type of plant strain D 
and the mycelium of the bisexual spores (Fig. 16) If it is found 
that the loss of homothallism remains as a constant character, 
then strain D may be called a mutatidn. 

When it was found that this Mucor was a homothalhc 
Bpecies, it seemed probable that it might be Mucor genevenats 
Lendner Through the kindness of Dr Blakeslee, who sent us 
a culture of Mucor genevenm, it has been possible to compare 
the two species The species at hand differs at once from 
Mucor genevensia m the size of the zygospores, and in the fact 
that the gametangia are heterogamic, while in Mucor genevenna 
the gametangia are ieogamio 

The Mucor sent by Dr. Blakeslee as Mucor genevenna corre¬ 
sponds to the description given by Lendner (5) for Mucor 
genevensis, m which the measurement of the zygospores is given 
as 100 n in diameter, whereas even the maximum sue for our 
species is only 66 p. The sporangiospore size also differs greatly. 
In Mucor genevenais the spores are 9-10 (i as compared with 
3-5 n in our cultures of B, C and D. There is also a difference 
in the shape of the spore and a decided difference in that of the 
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columella The columella of Mucor genevensut is for the most 
part of the panduriform type The p&ndunform type of colu¬ 
mella is never seen in this species of Mucor 

From a comparison of Mucor genevensw with the Mucor 
described in this paper, it seems entirely clear that an unde- 
scnbed species of homothalhc Mucor has been found The 
name Mucor parnspora, sp nov, is therefore proposed for this 
species 
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DESCRIPTION OF PLATES 


PLATE XVIII 

Fir 1 Habit sketch of sporangiophore showing branching. 

Fig 2 Portion of sporangiopbore showing distribution of protoplasm 
and position of cell wall 
Figs 3-5 A sexual reproduction 
Figs 3a-b Chlamydospores 
Fig 3c Oidiospores 

Figs 4a-b Two types of columella showing "free" attachment of 
sporangium wall 
Fig. 5a. Young sporangium 
Fig. 5b Sporangia fully developed 
Fig 6 Sporangiosporefl 

Figs 7*11 Development of sygoepores and manner of attachment of 
suspensors to hyphae 

Figs 7*9 Early stags in sygpspore formation. 

Fig 10 Full-sued zygospore 

Fig 11 Full-suod zygospore formed on a single hypha 


PLATS XIX 

Figs 12*13 Appearance of exospore and attachment of sustienaors. 

Fig 12a Fully developed zygospore showing in detail characteristic 
markings 

Fig. 12b* Detail of starnriiaped thickening of the exospore viewed 
at different angles. 

Figs 13a-b-c Attachment of suspensors 

Fig. 14 Asygospore. 

Fig. 15. The internal structure of zygospore with exospore removed 

Figs 15a~b Early stages m development of globular cytoplasmic 
structures* 

Figs 15o~e. Later stages showing condition after fusion of smaller 
particles ipto globular reticulate masses 

Fig. 15f. State in which large cytoplasmic globules dll the abttve 

Figs, tflg-h Final accumulation of oil in one centrally-placed globule* 

Fig. 15 l Younger stage Of lth. 

Fig. Itj, Zygospore twelve months old showing thickened watt and 
omtiMtkg Of protoplasm. 

Fig. 10. Imperfect bybndiuttoo between mycetoma repw e n ted by 
•train D and mycelium horn bkexuel apona, 

Figa lda-b. Myeeltol contact without formation of gamete*. 

Wga Me-d-e*f. Arawrted aygaaaove devatoptoent 

Fig. 17 Abnormal condition* found to aporaagtopboraa. 









DISTRIBUTION OF THE UMBELLALES IN 
MICHIGAN * 

L. A. KENOYER 

There have been reported from Michigan 59 species belong¬ 
ing to the order Umbellalee Of these 45 are natives of the 
state, 13 members of the Carrot Family have been introduced 
from the Old World, one Aralia has come from the states south 
of us. 

The order is divided into three families Araliaoeae (Ginseng 
Family) with 7 species m Michigan, Ammiaceae or Umbelhferae 
(Carrot Family) with 29 native and 13 introduced species, and 
Cornaceae (Dogwood Family) with 10 species 

Of 62 species of native Umbellales described in Britton & 
Brown’s Illustrated Flora of the Northern States and Canada, 45, 
or about 55 per cent, are found in Michigan. They may be 
classified as follows as regards the region of North America 


which they occupy. 

Listed in Found in 

Britton & Brown Michigan 

Eastern species 46 32 

Western species 18 3 

Northern species 11 9 

Southern species 4 0 

Continent-wide species 1 , 1 


* jr , 

* In the preparation of this sad the Mowing paper, the witter hae 
consulted the faerbam of the Michigan Agricultural College, the Umvmdty 
of Michigan, the Held Museum la Chisago, the private henbane of Meeem. 
£. A. Walpole end 0. BlUuigton, end all available distribution lists, in- 
chidingooc furnished for the purpose by Mr O. W Fallses. He is indebted 
to Prof. XL T, Butingfan for helpful sageeetums The nomeoelatum of 
Srittca 4k Bmpn’e lUeet r s te d Flora la Mhmd except for that portion of 
the Wnfr which is covered by the portions issued to date of the later 
JfMl AtOtrtean Flora Jetted from the New York Botanical Qaideoe 
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Three of the nine northern Bpecies found in Michigan are 
really northeastern and are not, therefore, especially prominent 
in the Upper Peninsula This peninsula, therefore, does not 
have a large representation from the order. Of the 59 reported 
species 27, or almost half, have not been reported from the 
Upper Peninsula On our list we have 6.5 times as many 
localities reported for the species of this order in the Lower as 
in the Upper Peninsula The Araliaceae arc all eastern species 
except one, the rare Echmopanax horndum, mentioned later, 
which is western The Amnuaceae are predominantly eastern, 
but include northern and western species and the continent-wide 
Heradeum lanatum. The statement regarding the relative 
scarcity of Umbellales in the Upper Peninsula is especially true 
of this family The Cornaceae include 6 eastern and 4 northern 
species 

A study of the ecological distribution of the members of this 
order reveals the fact that of the native representatives 14 are 
found mainly m swamps and bogs, 16 mainly in pioneer or sub¬ 
climax forests, 13 mainly m climax forests, while 2 belong to 
the prairies Their ecological range is wide, and their repre¬ 
sentation m the climax formation larger, perhaps, than is that 
of most orders 

Of the three families the one most strikingly represented in 
the climax forest is the Araliaceae, 5 of the 6 native species 
occurring m this habitat The other species, Araha htspula, is 
commonly found m subclimax situations, particularly in second¬ 
ary successions following burns. The Amnuaceae include 10 
swamp representatives, which belong to the praine swamp type 
rather than to the bog type This family also contains 2 prairie 
species, represented in the southern counties, 4 to 6 subclimax 
forest species, and 10 to 12 dunax forest species. Conspicuous 
among the latter are the 4 species of Samcula and the 4 of 
Washington^ The Cornaceae belong to pioneer and subohmax 
rather than to climax formations Chamaepmdymenum eana- 
dense and Nyeea syhahca are swamp forms. Most of the species 
of Cornua are found m swamps, on dunes, along stream borders, 
and in other subolimax habitats. 
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One Bpecies of the Ginseng Family, Echmopanax homdum, 
has been found only on Isle Royale The nearest known station 
for the plant outside this island is the Montana Rockies. Aralia 
spmosa has been found in three counties as an escape from 
cultivation Its northern native limit is Ohio 

Of the introduced species of the Carrot Family at least four 
have become quite general in then distribution, vis , the caraway 
(Carum carui), the poison hemlock (Comum macutatum), the 
carrot (Daucuts carota ), and the parsnip (Pastinaca sativa) Six 
others have been found only locally or occasionally They are 
Aegopodium podagrana, Anethum graveohm, Conandrum sativum, 
Foeniculum foemctdum, Hipposelmum levuticum and Imperatona 
ostruthium. Conandrum has been reported only from Detroit, 
where it was found on the streets, and Anethum only from 
Berrien County as a weed in cornfields I have seen no speci¬ 
men of Imperatona from Michigan The three remaining 
Bpecies, Carum copticum, Pimpmella anisum and Tonlu nodosa, 
have been found only spasmodically by O A Faiwcll on ballast 
in Detroit 

Of the native species 9 are of widespread distribution, 18 aie 
restricted to the south and 2 are restncted to the north I have 
not seen Pleiotaenia nuttaUn, one of the southern forms, noi have 
I definite reports of its occurrence, although it is assigned to 
Michigan by both the Gray and the Britton & Brown manuals 
It is a prairie form which is found to the south and west of us, 
bo it may have existed in Michigan before the prairie land became 
scarce I have not seen Zina cordata It is reported from 
Genesee, Cass and Kent counties, but quite probably all these 
reports refer to the very similar Thaspium tnfokatum Thaspium 
barbmode is an extreme southern species of limited distribution 
Eryngium aquaticum is a plant of the western prairies, and 
occurs only m 3 or 4 of our southwestern counties The species 
restricted to the north are two woodland ones, — Washmgtoma 
divancata and W obtusa. The latter, a Canadian plant, was 
reported from Gogebic County, m our extreme northwest, by 
Prof. Darlington 

Five species of the Dogwood Family are of general distribu- 
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tion and five are more southern in range Comus a&penfoha 
is apparently of rare occurrence, being reported from but five 
counties, mainly southeastern. The flowering dogwood ( Cynoxy - 
Ion fiondum) and the black gum (Nyssa sylvatica) arc distinctly 
southern, being restricted to the southern half of the Lower 
Peninsula 


UMBELLALES 

Flowers regular, usually perfect, disk adherent to the inferior 
and usually 2-carpcllary and 2-celIed ovary, ovules 1 m each 
cell, flowers usually in umbels (except in Cornaceae) 

Fruit fleshy 

Fruit a berry 1 Araliaceae (Ginseng Family) 

Fruit a drupe d Cornaceae (Dogwood Family) 

Fruit dry, splitting when ripe into 2 1-seeded carpels 

2 Ammxaceae (Carrot Family) 


I ARALIACEAE (Ginseng Family) 

Leaves compound 

Leaves decompound, alternate, styles 5 1 Araha 

Leaves palmately compound, whorled, styles 2-3 2 Fanax 

Leaves simple, palmately lobed, styles 2 3 Echmopanax 


1 Aralia [Toum ] L 

Umbels numerous m a large panicle 
Spiny shrub or tree 1. A spinosa 

Unarmed herb 2 A racrmosa. 

Umbels 2-7 or more, corymbed 
Plant nearly smooth, leaf and scape arising from roots talk 

3 A nudtcauks 

Plant hairy or hnstly 4. A hisptda 

1. Aral to spinoea L. ('full of spines’) 

Hercules Club, Angelica, Spikenard Tree 
Escaped from cultivation. Native in Indiana and bouth* 
ward. 

Specimens examined —Charlevoix Co (S. S. Smith, 1915), 
Washtenaw Co (E C Allmendmger). 

Reported from Wayne Co (0 A. Farwell). 
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2 Araha racemosa L (‘with flowers m racemes’) 

American Spikenard, Indian Root 
All over the state, mainly m climax (beech-maple) 
forests 

Specimens examined. — Cass Co (H S Pepoon), Wash¬ 
tenaw Co (B. A Walpole, 1919), Wayne Co (C Billington, 
1919), Ingham Co (1865), Oakland Co (C Billington, 1919), 
Genesee Co. (D. Clark), St Clair Co (C K Dodge), Gratiot 
Co. (C A Davis); Newaygo Co (E A Bessey, 1916), Mason 
Co (R W. Chaney, 1910); Roscommon Co (Bessey & Darling¬ 
ton, 1916), Charlevoix Co. (E A Bessey, 1912), Cheboygan 
Co. (F C Gates, 1911), Mackinac Is (C F. Millspaugh, 1898), 
Alger Co (C F Wheeler, 1900), Marquette Co (B Barlow, 
1901), Gogebic Co (H. T Darlington, 1919) 

Reported from Magician Lake region (H S Pepoon), St 
Joseph Co. (F. P Darnels), Calhoun Co (C E Barr), Barry 
Co (H T. Darlington); Kent Co (Emma J Cole), Tuscola 
Co. (C K. Dodge), Huron Co (C A Davis), Chanty Islands 
(C K. Dodge), Mecosta Co, Clare Co (E A Bessey), Bay 
Co to Mackmao Co along coast (C K Dodge), Alpena Co, 
Montmorency Co (H T. Darlington), Manistee Co (F P 
Darnels), Emmet Co. (C E Barr), Beaver Island (H T 
Darlington), Chippewa Co, Schoolcraft Co (C K Dodge), 
Dickinson Co (G H Coons), Ontonagon Co (H T Darling¬ 
ton), Keweenaw Co (O A Farwell) 

3 Araha nudteauhs L (‘with naked stem’) 

Wild or Virginian Sarsaparilla 
All over the state, mainly m climax beech-maple forests 
Specimens examined. — Berrien Co (O E Lansing, Jr, 
1911), St Joseph Co. (A B Burgess, 1903), Jackson Co. 
(S H & D. R. Camp, 1898), Washtenaw Co (A J. Petere, 
1894); Ingham Co. (L. J. Cole, 1895), Oakland Co (C Billing- 
ton, 1914), St. Clair Co. (C. K. Dodge, 1899), Muskegon Co 
(C. D. MoLouth, 1896); Gratiot Co (C A Davis, 1891), 
Newaygo Co (E. J. Ford, 1914); Mason Co (R W Chaney, 
1910), Missaukee Co (C J O'Dell, 1914); Antrim Co. (Wm. 
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Kooyer, 1914), Charlevoix Co (E A Bessey, 1912), Cheboygan 
Co (F. C Gates, 1911), Emmet Co (F C Gates, 1917), 
Mackinac Co (J H Ehlers, 1920), Alger Co (J. G Coulter, 
1892), Marquette Co (Bronson Barlow, 1901), Baraga Co 
(S R Bailey, 1893), Gogebic Co (E A Bessey, 1919), Kewee¬ 
naw Co (O A Farwell, 1886), Isle Royale (A E. Foote, 1868) 
Reported from Magician Lake region (H S. Pepoon), 
Hillsdale Co, Kalamazoo Co (M A C identification), Calhoun 
Co (C E Barr), Wayne Co (John M Sutton), Ottawa Co 
(M A C. identification), Kent Co (Emma J Cole), Ionia 
Co., Montcalm Co (M. A C identification); Tuscola Co 
(C K. Dodge), Huron Co (C A Davis), Chanty Islands 
(C K. Dodge), Bay Co to Mackinac Co along coast (C K 
Dodge), Osceola Co (H T. Darlington); Clare Co. (E A 
Bessey), Manistee Co. (L H. Harvey), Benzie Co. (W G 
Waterman), Leelcnau Co (E A Bessey), Otsego Co. (M. A C. 
identification), Beaver Island (H. T Darlington), Chippewa 
Co, Schoolcraft Co (C. K Dodge), Ontonagon Co. (H T 
Darlington) 

4. Aralia htsptda Vent, (‘bristly’) 

Bristly Sarsaparilla, Wild Elder. 

A pioneer shrub in sandy ground, often in bum suc¬ 
cessions 

Specimens examined — Van Buren Co (H S Pepoon, 
1904), Ingham Co (1887), St Clair Co. (C K. Dodge, 1896). 
Gratiot Co. (C. A Davis, 1893), Oceana Co (D. Cooley, 1846), 
Mason Co. (R. W. Chaney, 1910), Missaukee Co. (E. A 
Bessey, 1916), Roscommon Co. (Bessey & Darlington, 1916); 
Cheboygan Co. (F. C. Gates, 1911), Mackinac Is. (C F 
Millspaugh, 1898), Marquette Co (B Barlow, 1901), Gogebic 
Co (Bessey & Darlington, 1919), Keweenaw Co (F E Wood, 
1883); Isle Royale (A. E Foote) 

Reported from Hillsdale Co (M. A. C. identification), 
Washtenaw Co. (W. J. Beal); Oakland Co. (J. W. Stacey); 
Kent Co (Emma J Cole), Muskegon Co. (C. D. MoLouth); 
Huron Co. (C. A. Davis), Tuscola Co. (C. K. Dodge), Bay 
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Co to Mackinac Co along coast (C K Dodge), Gladwin Co 
(MAC identification), Manistee Co (F P Daniels), 
Emmet Co (Fallass & Swift), Beaver Island (H T Darling¬ 
ton), Chippewa Co , Schoolcraft Co (C K Dodge), Dickinson 
Co (G H Coons), Ontonagon Co (H T Darlington) 

2 Panax L Ginseng 
(Greek, ‘all-healing’) 

Leaflets 5, ovate or o borate, stalked, acuminate 1 /' qumqucfuhum 

Leaflets 3-5, more narrow, sewilc, obtuse 2 /* tnfolium 

1 Panax quinquefohum L (‘five-leaved’) 

Ginseng, Red Berry, Sang 

Rich climax (beech-maple) woodlands, almost confined 
to Lower Peninsula Scarce in jack-pine region 
Once abundant, but becoming rather rare because of 
the medicinal employment of the root 
Specimens examined —Cass Co (H S Pepoon, 1906), 
Lenawee Co (Lacy, 1914), Jackson Co (1838), Washtenaw 
Co. (B A. Walpole, 1918), Ingham Co (1887), Oakland Co 
(B F Chandler 1916), Macomb Co (D Cooley, 1843), 
Ottawa Co (C Billington, 1914), Genesee Co (D Clark), 
St. Clair Co (C K, Dodge, 1896), Charlevoix Co (E A 
Bessey, 1912). 

Reported from Van Burcn Co (L H Bailey), Calhoun Co 
(C. E Barr), Wayne Co (C. Billington), Kent Co (Emma J 
Cole); Ionia Co. (W J Beal), Montcalm Co (W J Beal), 
Huron Co. (C K Dodge), Mason Co. (W J. Beal), Otsego 
Co. (E. A. Bessey), Cheboygan Co. (M. A- C identification), 
Emmet Co (Fallass & Swift), Chippewa Co (W J Beal) 

2. Panax tnfolium L. (‘three-leaved’) 

Dwarf Ginseng, Groundnut 
All parts of the state in climax (beech-maple) woods 
Specimens examined —Cass Co. (H S Pepoon, 1903), 
Jackson Co. (S. H & D R. Camp, 1897), Washtenaw Co 
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(A. J Pieters, 1892) f Wayne Co (C Bilbngton, 1914), Ingham 
Co (1865), Oakland Co* (C Billington, 1915), St Clair Co 
(C K Dodge, 1898), Schoolcraft Co. (W. T S Cornell, 1916), 
Marquette Co. (B, Barlow, 1901), Keweenaw Co (F E Wood, 
1883) 

Reported from Calhoun Co (C E Barr), Kent Co 
(Emma J Cole), Muskegon Co (C D Me Louth), Tuscola 
Co, Huron Co (C A Davis), Mecosta Co (C W Fallass), 
Bay Co to Mackinac Co along coast (C. K. Dodge), Manistee 
Co (F P Daniels) 


3 Echinopanax Decne 
(Greek, 1 prickly Panax’) 

Echmopanax homdum (J E. Smith) Decne. ('prickly') 

Fatsia homda B & H 
Devil’s Club 

Reported from Isle Royale (W. A Wheeler, 1901, two 
locabties, W S Cooper, 1914 two other locabties) Climax 
(fir-birch-spruce) forest The nearest known station for the 
plant outside this island is the Montana Rockies 


II AMMIACEAE (Carrot Family) 1 
(Umbelhferae) 


KEY BASED ON FBUIT CHARACTERS 

A Fruit armed with stiff prickles. 

Prickles hooked, leaves paim&iely lut>cd 
Prickles barbed, leaves 2-3-pmnatc 
A Fruit without prickles. 

Fruit nblesa, dowers m hoads 
Fruit ribbed, flowers in umbels 
B Fruit several times longer than wide 
Fruit bnstly along the nbs 
Fruit not bnstly 

Annual herbs with decompound leaves 
Perennial herbs with 3-foholate leaves 


2 SamctUa 

3 Daucwt 

X Eryngium 


4 Wa*htngton%a 

5 ChaerophyUwn 

6 Dmnga 


1 The following introduced species, beiflg of sporadic ooourrenoe, are 
not included m the key 

Anethum grawolen* L, Dill, closely resembles Foentadum foemetdum in 
appearance, but has the fruits strongly flattened dorsally Specimen 
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B Fruit not more than twice os long as wide 
C Fruit flattened laterally 

D Length of fruit no greater than width 
E Carpels strongly flattened later¬ 
ally 

Leaves simple 20 

Leaves teraatcl) decompound, 21 
E Carpels terete or nearly so 

Seed face eomave 22 

Seed face flat 

Leaves decompound, oil 
tubes solitary in intervals 
between nix* of fruit 2(> 

Leaves I-2-pinnate, oil tubes 
numerous 24 

D Length of fruit greut-er than width 
E Leaves simple or l-d-tcrnatc 

Oil tubes none, flowers white, 2d 
Oil tubes present, flowers yellow 
Oil tubes solitary in intervals 
and lieneath ribs 17 

Oil tubes numerous 16 

E Leaves neither simple nor tenmte 
Leaves 1-2-pmnate, flowers 
white 

Italia of fruit inconspicuous 27 
Ribs of fruit prominent, 

(orky 25 

Loaves hnoly dissected, flowers 
yellow IS 

C Fruit not flattened laterally 

D Fruit not much flattened cither way 
E Fruit ribs aeutish, flowers white, 16 
E Fruit nl>a winged, flowers yellow 15 
D Fruit strongly flattened dorsally 


If ydrocotylc 
Engenta 

Co mum 

Cicuta 

Bcrula 

Aegopodium 

7izta 

Tacmdia 

Carum 

burn 

Formculum 

Conandrum 

Thasjnum 


examined from Berrien Co (C K Dodge, 1917) Said to be an abundant 
weed in cornfields Probably a survival from cultivation 

Carum ooptwum Bonth <fe Hk , Bishop'a-Wped, is similar to Carum 
carta, but has an involucre of many bracts, an mvdluecl of 1-5 bracts, and 
pubescent umbel rays Reported by 0 A Farwell on ballast grounds at 
Detroit 

Tanks nodosa (L) Gaertn , Knotted Hedge Parsley, niav be recognised 
by its bipinnate leaves and ovoid fruits armed with hooked prickles 
Reported by O A Farwell on ballast grounds at Detroit 

PtmpineUa antsum L, Anise, is an annual herb with round-cordate 
undivided lower leaves, involucre and involucel of one Unear bract each 
or none, and white flowers Reported by 0 A Farwell on ballast grounds 
at Detroit 
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E Flowers yellow, style base de¬ 
pressed 

Fruit margin thick, oorky, nbs 
obscure 7 Pleiotaenia 

Fruit margin thin, nbs distinct 
Involucre absent 8 Paatmaca 

Involucre present 0 Hxppoaelmum 

h Flowers white, style base mostly 
conical 

Oil tubes solitary in intervals 
between nbs 

Oil tubes large, not extend¬ 
ing to base of fruit 10 Heraeleum 

Oil tubes slender, extending 
to base of fruit 


Leaves pinnate 13 

leaves teraatc 14 

Oil tubes 2 — many in intervals 
Leaf segments very narrow 11 
J/»af segments broad 12 


Oxypohs 

Imperatona 

Conwsehnum 

Angelica 


KEY I1ASKD ON LEAF AND FLOWER CHARACTERS 


A. Leaves wholly or in part simple 
B Leaves all simple 

Ijeaves orbicular 20 

Leaves long-linear 1 

B Only basal leaves simple 17 

A Leaves not simple 

B leaves pinnately compound 

C Leaves all or partly once pinnate 
D Flowers yellow 
D Flowers white 

Lower leaves once pinnate 
Leaf segments entire or coarsely 
toothed 

Leaf segments sharply toothed 
incised 

Lower leaves pinnately decompound 
C Leaves 2 or more times pinnate 
D Flowers yellow 

Calyx prominent 
Calyx none 
D Flowers white 

Purple flower m center of umbel 
No purple flower 
Involucel none 
Involuoel present 
Involucel bracts ovate 


HydrooolyU 
Eryngium 
Zxzta cordata 


8 

Pastmaca 

sly 

13 

Oxypohs 

or 

24. 

Berula 

25 

Stum 

7 

Pleiotaenia 

18 

Foenieuhm 

3 

Doueus. 

27 

Comm 

22 

Comum 
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Involucel bracts linear 
Calyx absent 11 

Calyx present 

Perennials, in swamps 2fl 

Annual, in waste places 10 

Leaves palraately or ternatch compound 
C Leaves once palmate, of 3-5 leaflets 

Home staminate flowers present 2 

Flowers all perfect 

Flowers yellow or purple 15 

Flowers white 

Involucel none tt 

Involucel of many linear bracts 10 

C Leaves 2 or more times ternate 

D Flowers yellow (sometimes purple ui Thas- 
pjiun) 

Involucre present 9 

Involucre absent 
Involucel and calyx present 
Ribs of fruit not winged 17 

Ribs of fruit winged 15 

Involucel and calyx absent lb 

D Flowers white 

E Umbel 2-6-rayod 

Involucre a compound leaf 21 


Involucre of small bracts or none 
Perennials, leaf segments broad, 4 
Annuals, leaf segments narrow 5 
E tJmhels more than 6-rayed 

Involucels absent 23 

Involucels present 

Carpels with their lateral wmgB 
distinct 12 

Carpels with their lateral wmgs 
united 14 


Cmnaaehnum 

Ctcutu 

Conundrum 


Snmcula 

Thaspium 

Dtrtnga 

Herucleuni 


Hippoaelinwn 


Zma 

Thaapium 

Tnemdia 


Engenxa 

W askingtoma 
Chaerophyllum 

A ego podium 

Angelica 

Fmperatona 


1. Eryngium [Tourn ] L 
(Greek, a kind of thistle) 

1. Eryngium, aquaticum L ('aquatic') 

Eryngium yuccaefolium Michx 
Rattlesnake Master, Button Snakeroot 
A plant of the prames, occurring only in the south¬ 
western counties of Michigan 

Specimens examined —Berrien Co (George Ames, 1867), 
Van Buren Co (H 8 Pepoon, 1903, 1905, reported as occasional 
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through the Magician Lake district), St Joseph Co (Dr. 
Wnght, 1838, F P. Darnels, 1898) 


2 Sanicula L Snakeroot 
(From Latin sanare, ‘to heal’) 

Styleo much exceeding bristles of the fruit, recurved 
Fruit 6-7 mm long, sessile, calyx segments mostly 
lanceolate, cuspidate 1 

Fruit 3-4 mm long, somewhat stalked, tulyx seg¬ 
ments mostly ovate, obtuse 2 

Styles shorter than bristles of the fruit 
Pedicels of stominate flowers 2 mm long, fruit sub- 
globose 3 

Pedicels of stainmatc flowers 4 mm long, fruit ovoid 
or fusiform 4 

1 Sanicula marylandica L (‘of Maryland’) 

Black Snakeroot, Samcle. 

All parts of state in woodlands, principally beech and 
oak 

Specimens examined —Van Burcn Co (H S Pepoon, 
1916), Washtenaw Co (E C Allmendinger, 1870), Allegan 
Co (H. M Bailey, 1891), Eaton Co (H T Darlington, 1916), 
Ingham Co (C F Wheeler, 1901), Oakland Co. (C Bilhngton, 
1914), Macomb Co (D Cooley, 1868), St Clair Co (C K 
Dodge, 1892), Genesee Co. (D. Clark), Ionia Co. (C F. Wheeler), 
Newaygo, Osceola and Aloona counties (Bessey & Darling¬ 
ton, 1916-1918); Charlevoix Co (E. A. Bessey, 1912), Cheboy¬ 
gan Co. (F. C Gates, 1911), Alger Co. (C K Dodge, 1916), 
Ontonagon Co (H T Darlington, 1922), Keweenaw- Co. 
(F. E Wood, 1883), Isle Royhle (Univ. of Mich party, 1868) 
Reported from St. Joseph Co. (F P. Daniels); Calhoun Co. 
(C E. Barr); Wayne Co. (0. A. Farwell), Kent Co (C W. 
Fallass); Muskegon Co (C. D. McLouth); Tusoola Co., Huron 
Co, Charity Islands, Bay Co. to Cheboygan Co. along coast 
(C. K. Dodge); Manistee Co. (F. P. Daniels); Emmet Co. 
(Fallass and Swift); Mackinac Island, Schoolcraft Co. (C. K. 
Dodge), Dickinson Co. (G. H. Coons) 


8 marylandica 
8 yregana 

8 canadensis 
8 tnfoliata 



Umbellalea m Michigan 143 

2. Sameula gregana Bicknell (‘clustered’) 

Clustered Snakeroot 

Restricted mamly to southern part of state, mostly m 
woodlands. 

Specimens examined — Monroe Co (C Billington, 1918), 
Washtenaw Co. (B A Walpole, 1919), Van Buren Co (H S 
Pepoon, 1908), Ingham Co (C F Wheeler), St Clair Co 
(C. K Dodge, 1911), Muskegon Co (C D McLouth, 1899), 
Newaygo Co. (Bessey & Darlington, 1916) 

Reported from Wayne Co (0 A Farwell), Kent Co 
(Emma J Cole), Gratiot Co (C A Davis), Lake Co (L H 
Harvey), Cheboygan Co (F C Gates), Keweenaw Co 
(O. A. Farwoll). 

3 Sameula canadensis L (‘of Canada’) 

Short-styled Snakeroot 

Practically restricted to the southern counties in climax 
(beech-maple) forests. 

Specimens examined —Berrien Co (Dodge & Darlington, 
1917), Lenawee Co (C. Billington, 1916), Washtenaw Co 
B. A Walpole, 1918), Wayne Co (C K Dodge, 1911), Kent 
Co (H M Bailey 1892). 

Reported from Van Buren Co (H S Pepoon), Oakland Co 
(J. W Stacey), Genesee, Ionia and Gratiot counties (Beal’s 
catalog), Emmet Co (Fallass & Swift, “rare”) 

4. Sameula lr%fohata Bicknell (‘three-leaved’) 

Large-fruited Snakeroot 

Woods, practically restricted to the southern counties 
Specimens examined —Berrien Co (Dodge & Darlington, 
1907), Cass Co. (A. B. Burgess, 1903), Van Buren Co (H S 
Pepoon, 1906), Washtenaw Co. (B A Walpole, 1919), Ingham 
Co. (C. S. W, 1907); Muskegon Co. (C D McLouth, 1899), 
Gratiot Co. (C F. Wheeler, 1890) 

Reported from Oakland Co. (0 A. Farwell), Kent Co, 
Emmet Co. (C. W. Fallass). 
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3. Datjctts (Town) L 
(Greek name) 

Daunts carota L. (Latin name) 

Wild Carrot. 

Naturalised from Ewopc Fields and waste places 
Specimens examined —Berrien Co (J. M Coulter, 1891), 
Cass Co (H 8 Pepoon, 1905), Van Buren Co (1911), Jackson 
Co (8 H & D R Camp, 1897), Wayne Co (C Billington, 
1914), Washtenaw Co (P j! Podolski, 1917); Ingham Co 
(L A Kenoyer, 1922), St Clair Co. (C. K Dodge, 1894), 
Oceana Co (1911), Mason Co (R. W Chaney, 1910), Charle¬ 
voix Co (J H Ehlers, 1917), Keweenaw Co (O A Farwell, 
1888). 

Reported from St Joseph Co (F P Darnels), Allegan Co., 
Eaton Co (M A C determination), Oakland Co (J W. 
Stacey), Kent Co (C W. Fallass), Muskegon Co. (H T 
Darlington), Newaygo Co (M A C determination); Tuscola 
Co, Huron Co (C K Dodge); Manistee Co (F P Daniels), 
Wexford Co (M A C determination), Kalkaska Co (E A. 
Bessey), Alpena Co, Cheboygan Co (C K Dodge), Emmet 
Co (Fallass & Swift), Schoolcraft Co (C K. Dodge). 

4. Washingtonia Raf Sweet Cicely 

(in honor of George Washington) 

Involuoels of several persistent bracts 
Style foot and style 1 nun. long or less ' 1 W daytom 

Style foot and style 2-4 nun long 2 W longutyha 

Involucels none 

Fruit beaked, on ascending pedicels, style foot conic 3 W dtvancaia. 
Fruit blunt, on divergent pedicels, style foot depressed, 4 W obtusa 

1 Washingtonia daytom (Michx) Britton (‘Clayton’s’) 
Otmorhtta daytom (Michx.) Clarke 
Hairy Sweet Cieely; Sweet JavxiL 
All over state in climax (beech-maple) forests. 
Specimens examined. — Monroe Co. (O. A. Farwell, 1920); 
Van Buren Co (H. S. Pepoon, 1908); Jackson Co. (S. H. k 
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D R Camp, 1897), Washtenaw Co (Lewis Foote, 1863); 
Wayne Co (C. Billington, 1014), Ingham Co (B A. Walpole, 
1922), Eaton Co (H T Darlington, 1916), Macomb Co 
(D Cooley, 1841), St Clair Co (C K Dodge, 1892), Kent 
Co (H M Bailey, 1892), Muskegon Co (C. D Mclxwth, 
1899), Ogemaw Co (W G Winslow, 1912), Emmet Co 
(F C Gates, 1917), Cheboygan Co (F C Gates, 1911), 
Marquette Co (B Barlow, 1901), Gogebic Co (H T Darling¬ 
ton, 1922), Keweenaw Co (() A Farwell, 1887) 

Reported from Calhoun Co (C E Barr), Oakland Co 
(J W Stacey), Gratiot Co (C A Davis), Mecosta Co 
(C W Fallass), Huron Co , Tuscola Co , Bay Co to Cheboy¬ 
gan Co along coast (C K Dodge), Charlevoix Co (E A 
Bessey), Schoolcraft Co (C K Dodge), Dickinson Co (G H 
Coons) 

2 Washingtoma longistyhs (Torr) Britton (‘long-styled’) 
Osmorhua longistylis (Ton ) DC 
Smoother Sweet Cicely, Anise Root 
Dutnbuted all over state in climax (beech-maple) 
forests All examined specimens come from the 
southeastern counties. 

Specimens examined — Wayne Co (C Billington, (1914) 
Washtenaw Co (Lewis Foote, 1863), Ingham Co (1865), 
Oakland Co (C Billington, 1917), Macomb Co (D. Cooley, 
1841), St Clair Co (C. K Dodge, 1892), Missaukee Co. 
(C. Billington, 1917). 

Reported from Magician Lake district (H S Pepoon), 
St. Joseph Co. (F P Daniels), Kent Co (Emma J Cole), 
Gratiot Co* (C A. Davis), Mecosta Cq (C W. Fallass), 
Huron Co, Chanty Islands, Tuscola Co., Bay Co to Mackinac 
Co. along coast (C K. Dodge), Manistee Co (F P Daniels), 
Charlevoix Co (C. W Fallass), Emmet Co. (Fallass & Swift), 
Cheboygan Co. (F. C Gates), Chippewa Co, Schoolcraft Co 
(C. K Dodge); Gogebic Co (H T. Darlington) 

Var mlhcauhc is reported from Schoolcraft Co by C K. 
Dodge 
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3 Washingtonia divancata Britton ('spreading’) 

Osmorhiza divancata Nutt 
Western Sweet Cicely. 

Hardwood forests Distribution limited, in the 
northern part of the state. 

Specimens examined —Alpena Co (C K Dodge, 1907), 
Mackinac Is (C F Millspaugh, 1898), Chippewa Co (C. K 
Dodge, 1914), Alger Co (K. K Mackenzie), Isle Royale 
(U of Mich, party, 1868). 

Reported from Emmet Co (Fallass & Swift), Mackinac Co 
(C K Dodge), Sohoolcraft Co (C. K Dodge). 

4 Washingtoma obtusa Coult & Rose (‘obtuse’) 

Osmorhiza obtusa (Coult & Rose) Fernald 
Blunt-fruited Sweet Cicely 
Reported from Gogebic Co. (H T Darlington, 1920) 
Specimens from Isle Royale, probably W divancata, collected 
by Dr A E Foote, seem to approach this species in the 
shortness of the style and the beak 

5 Chabhophyllum [Toum ] L. 

(Greek, ‘pleasant leaf’) 

ChaerophyUum procumbens (1) Crantz (‘procumbent’) 
Spreading Chervil. 

Moist or shaded ground Limited to the southern part of 
the state. 

Specimens examined. — Monroe Co (C. F. Wheeler, 1890, 
C Bilhngton, 1914), Ingham Co (1865), Kent Co. (Emma J 
Cole, 1895) 

Reported from Bemen Co (C. Bilhngton, “plentiful”), 
Kalamazoo Co (Frank H. Tuthill), Macomb Co. (C AS). 
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6 Deringa Adana 

Dennga canadensis (L) Kuntze ('of Canada’) 

Cryptotaema canadensis (L) DC 
Honewort 

Climax (beech-maple) woods, mainly in the southern 
portion 

Specimens examined —Berrien Co (F W Johnson, 1914), 
Cass Co (H S Pepoon, 1903), Kalamazoo Co (A B Burgess, 
1903), Calhoun Co (W J Beal, 1898), Jackson Co (S H & 
D. R Camp, 1898), Washtenaw Co (E C Allmendinger), 
Wayne Co (C BiUmgton, 1914), Macomb Co (D Cooley, 
1841), Ingham Co (H T. Darlington, 1916), Eaton Co 
(H T Darlington, 1916), Kent Co (H M Bailey, 1892), 
Ionia Co (C F Wheeler, 1890), St Clair Co. (C K Dodge, 
1892), Osceola Co (Bessey & Darlington, 1916) 

Reported from Oakland Co (J W Stacey), Muskegon Co 
(C D McLouth), Tuscola Co, Huron Co (C. K Dodge), 
Manistee Co (F P Daniels), Dickinson Co (G H Coons), 
Marquette Co. (A. Dachnowski) 

7 Pi.eiotaenia Coult & Rose. 

(Greek, ‘many oil tubes’) 

Plewtaema nuttaUu (DC ) Coult & Rose (‘Nuttall’s’) 
Polytaema nuttalln DC 
Prairie Parsley. 

A prairie plant with range southward and westward, 
reported from southern Michigan by Beal's catalog, 
Gray’s Manual and Britton & Brown’s lUuslrated 
Flora. No definite locality reports found 

8. Pastxnaca L 
(Latin, pastas, ‘food’) 

Pastinaca saliva L. (‘sown’) 

Wild Parsnip 
Naturalised from Europe. 
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Specimens examined. — Washtenaw Co. (E C Allmen- 
dinger, 1880), Oakland Co (C. Bilhngton, 1914); Ingham Co 
(1871), Muskegon Co (C I). McLouth, 1899), Kent Co 
(H. M Bailey, 1892); St Clair Co (C K Dodge, 1892), 
Cheboygan Co (F. C Gates, 1911), Emmet Co (J H Ehlers, 
1920), Mackinac Is (C. F Millspaugh, 1898), Marquette Co 
(B Barlow, 1901) 

Reported from Magician Lake district (H S Pepoon), St 
Joseph Co. (F P. Daniels), Wayne Co. (O A Farwell), Tus¬ 
cola Co, Huron Co (C K Dodge), Manistee Co (F P 
Daniels); Mackinac Island, Schoolcraft Co. (C K Dodge), 
Isle Royale (W S Cooper) 

9 Hipposelinum (Dalerech) Britton & Rose 
(Greek, ‘horse-parsley’) 

Hipposelinum levisttcum (L) Britton & Rose 
Lemshcum officinale (L.) Koch 
Lovage 

Sparingly introduced from southern Europe 
Specimen examined — Macomb Co (D Cooley, 1843) 
Reported from Houghton Co (O A Farwell). 

10 Heracleum (L) 

(Greek, ‘dedicated to Hercules') 

Heracleum lanatum Michx. (‘woolly’) 

Cow Parsnip. 

Rather general .in low areas, clearings, etc 
Specimens examined — Jackson Co (S H & D R Camp, 
1897); Washtenaw Co (B. A Walpole, 1919); Ingham Co. 
(1865), Oakland Co. (C. Bilhngton, 1914), Macomb Co. 
(D. Cooley, 1838); St. Clair Co (C. K. Dodge 1892); Kent 
Co (H M. Bailey, 1892), Muskegon Co. (C D McLouth, 
1901); Mackinac Co. (J. H. Ehlers, 1917); Alger Co (J G. 
Coulter, 1892); Marquette Co. (B. Barlow, 1901); Keweenaw 
Co. (O. A. Farwell, 1888). 
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Reported from Cass Co (H S. Pepoon), Lenawee Co 
(C Billington), Calhoun Co (C E Barr), Gratiot Co 
(MAC determination); Huron Co, Tuscola Co, Bay Co 
to Mackinac Co along coast, Mackinac bland (C K Dodge), 
Mason Co (H T Darlington), Cheboygan Co (F C Gates), 
Emmet Co (Fallaas & Swift), Chippewa Co, Schoolcraft Co 
(C K Dodge), Gogebic Co, Ontonagon Co (H T Darling¬ 
ton), Isle Royale (W S Cooper) 

11 CONIOSELINUM Hoffm 
(Greek, ‘hemlock-parsley’) 

Comoxclinum chinense (L) B S P (‘of China’) 

Hemlock Parsley 

Infrequent in swamps in the southern counties 
Specimens examined —Cass Co (H S Pepoon, 1906), 
Washtenaw Co (A J Pieters, 1803), Oakland Co. (C Billing- 
ton, 1914), Macomb Co (D Cooley, 1844) 

Reported from Ingham Co (C F Wheeler), Kent Co 
(Emma J Cole); Ionia Co. (C F Wheeler), Genesee Co 
(Beal’s catalog) 


12 Anueuci L 

(Named ‘angelio,’ from its healing properties) 

Umbels glabrous, seed becoming loose (ram pericarp l A atrapurpurca 
Umbels densely tomentose, seed adhering to pericarp 2 A mllota 

1. Angelica atropurpurea L (‘dark purple’) 

PurploHStemmed Angelica 

Rather infrequent in damp open ground, mainly in the 
southern counties 

Specimens examined —Berrien Co. (G D Ames), Van 
Buren Co (H L. Pepoon, 1906), Monroe Co. (C. Billington, 
1919), Washtenaw Co. (C D La Rue, 1915), Eaton Co 
(L. J. Cole, 1895), Ingham Co. (H T Darlington, 1916), 
Macomb Co (D Cooley, 1837), St Clair Co (C. K Dodge, 
1896), Kent Co (H. M. Bailey, 1892) 
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Reported from Hillsdale Co (A E Camp), Calhoun Co 
(C. E Barr), Gratiot Co (C A. Davis), Huron Co., Bay Co., 
Arenac Co. (C K Dodge), Emmet Co (Fallass & Swift), 
Schoolcraft Co (C K Dodge) 

2 Angelica nUaea (Walt.) BSP (‘rough hairy’) 

Hairy Angelica 

Practically confined to the three southern tiers of 
counties 

Specimens examined —Lenawee Co. (W J Beal, I860), 
Kalamazoo Co (collector unknown), Calhoun Co. (W J Beal, 
1898), Washtenaw Co. (C D La Rue, 1915), Wayne Co 
(C Billington, 1914), Ingham Co (1865), Oakland Co 
(D Clark, 1880) 

Reported from Emmet Co (WwchelTs catalog) 

13. Oxypolis Raf 

Oxypolis rigtdnut (L) Raf. (‘more rigid’) 

Oxypolis ngidior (L) Coult. & Rose. 

Cowbane, Hemlock, Water Dropwort. 

Swamps, in the southern counties. 

Specimens examined. — Bemen Co. (G L. Ames, 1867); 
Cass Co (H. S. Pepoon, 1904), Jackson Co. (G. H Hicks, 
1893); Washtenaw Co. (B. A. Walpole, 1918); Oakland Co. 
(C. Billington, 1914), Allegan Co (W. A. Dahmen, 1898), 
Ionia Co. (C. F. Wheeler, 1890); Kent Co. (G. D Sones, 1891), 
Montcalm Co. (B. Barlow, 1900). 

Reported from Calhoun Co. (C. E. Barr), Cheboygan Co. 
(F. C. Gates). 


14 Imperatoria [Town 3 L 

(Latin, imperator, 'emperor,’ in allusion to its powerful 
medicinal qualities) 

Imperatoria ostruthium L (‘ostrioh’) 

Masterwort, PelKtoiy of Spain. 

Sparingly introduced from Europe. 
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Reported from Ionia Co (DeVore), Muskegon Co (C D 
McLouth) 


15. Thaspium Nutt. Meadow Parsnip 

(Named from the island Thapsus) 

Leaf segments serrate or crenate 1 T tnfohatum 

leaf segments incised 2 T bmrbmode 

1 Tka8pium tnfohatum, (L) Britton (‘three-leaved’) 

Thaspium aureum Nutt 
Meadow Parsnip 

Only south of Saginaw Bay The Michigan specimens 
of this variable species are all yellow-flowered 
There appear to be two distinct types, one, which 
will be designated a, with entire root leaves and 
temate stem leaves, the other, b, with ternate root 
leaves and biternate stem leaves 
Specimens examined —Cass Co (a C F Wheeler, 1890), 
St. Joseph Co (b, A B Burgess, 1903), Monroe Co (b, 
C. Billington, 1914), Wayne Co (o, 0 A Farwcll, 1893, C F 
Wheeler, 1893), Washtenaw Co (a, J 11 Ehlera, 1918), 
Kalamazoo Co (a, collector unknown), Oakland Co (b, 
C Billington, 1915), Genesee Co (a, D Clark), Kent Co. 
(b, H. M Bailey, 1891). 

Reported from Washtenaw Co (b, O A Farwell), Tuscola 
Co. (C A Davis) 

2. Thaspium barbtnode (Michx) Nutt (‘hairy-jointed’) 
Hairy-jointed Meadow Parsnip. 

Of rare occurrence, m the three southern tiers of counties 
only. 

Specimens examined —Berrien Co. (E J. Hill, 1895), 
Lenawee Co. (C Billington 1917), Jackson Co (S H Camp, 
1893, C. K. Dodge, 1893); Washtenaw Co (J. L Romein, 
1915). 

Reported from Calhoun Co (C E Barr), Oakland Co. 
(J. W. Stacey) 
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16 Taenidia Drude. 

(Greek, ‘a little band,’ in reference to the Blender nbs) 

Taenidia mtegemma (L) Drude (‘most entire’) 

Yellow Pimpernel. 

Restricted to the Lower Peninsula, in woods and sand 
dunes 

Specimens examined —Bemen Co (Dodge & Darlington, 
1917), Monroe Co (C F Wheeler, 1890); Washtenaw Co 
(J. P Rometn, 1915), Jackson Co (S H & D R Camp, 
1896); Calhoun Co (W. J Beal, 1898), Van Buren Co (H S 
Pepoon, 1903), Ingham Co (1865, 1887), Oakland Co (C Bill- 
mgton, 1914), Macomb Co. (D Cooley, 1837), St. Clair Co 
(C K Dodge, 1896), Shiawassee Co (G H. Hicks, 1889), 
Ionia Co (C F Wheeler, 1890), Kent Co (H M Bailey, 
1892), Muskegon Co (C D. McLoutb, 1899), Clare Co (1888), 
Arenac Co (C F Wheeler, 1900), Roscommon Co (Bessey & 
Darlington, 1916), Alcona Co (Bessey A Darlington, 1918), 
Cheboygan Co (J H. Ehlers, 1921), Emmet Co (J. H Ehlers, 
1917) 

Reported from St. Joseph Co. (F P. Daniels), Wayne Co 
(O A Farwell), Gratiot Co (C. A. Davis), Meoosta Co. 
(C W Fallass), Huron Co , Tuscola Co Bay Co to Cheboygan 
Co along coast, Mackinac Island (C K Dodge), Manistee Co. 
(F. P Daniels) 


17. Zuia Koch. 

(Named for I. B Ziz, a Rhenish botanist) 

Basal leaves cordate 1 Z cordata 

Basal leaves 2-3-temate 2 Z aurea 

1 Zizia cordata (Walt.) DC. (’heart-shaped’) « 

Heart-leaved Alexanders 

Reported from Cass Co. (C. F. Wheeler), Kent Co 
(Emma J. Cole); and Genesee Co. (Beal’s catalog) No speci¬ 
mens seen There is a probability that plants referred to this 
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species really belong to Thaspium tnfohatum, which the writer 
has seen from all three of the counties mentioned 

2. Zina aurea (L) Koch (‘golden’) 

Golden Alexanders, Early Meadow Parsnip 
Meadows and open swamps, only south of Saginaw Bay 
This species has a superficial resemblance to the bi- 
temate form of Thaspium tnfohatum, but it may be 
distinguished by the absence of wings on the fruit and 
by the sessile fruit in the center of each umbellet 
Specimens examined —Bemen Co (Dodge & Darlington, 
1917), Cass Co (H S Pcpoon 190b), Kalamazoo Co (R M 
Gibbs, 1877), Jackson Co (W & L, 1898), Washtenaw Co 
(B A Walpole, 1918), Wayne Co (K K Mackenzie, 1911), 
St. Clair Co (C K Dodge, 1890), Genesee Co (D Clarke), 
Ionia Co (C F Wheeler, 1890), Muskegon Co (C D Mc- 
Louth, 1901), Keweenaw Co (O A Farwell, 1889) 

Reported from St Joseph Co (F P Daniels), Calhoun Co 
(C. E. Barr), Oakland Co (O A. Farwell), Kent Co (Emma J 
Cole), Tuscola Co, Huron Co (C K Dodge) 

18 Foeniculum Mill 

(Latm diminutive of foenum, ‘hay,’ from its odor) 

Foeniculum foeniculum (L) Karst 
Foeniculum vulgare Hill. 

Fennel 

Sparingly introduced from Europe. 

Specimens examined —Wayne Co (C Bilhngton, 1916), 
Washtenaw Co. (W M. Canby, 1802), • Ingham Co (W J 
Beal, 1900); Eaton Co (H T Darlington, 1916), Mason Co 
(Miss Maule, 1915). 

Reported from Kent Co (Emma J Cole), Manistee Co 
(F P Darnels). 
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19 Coriandrum [Toum ] L 
(Ancient Latin name) 

Coriandrum sativum L. (‘sown’) 

Coriander 

An escape from cultivation Eurasia 
Reported from Wayne Co (O A Farwell, streets of 
Detroit) 


20 Hydrocotyle L 
(Greek, ‘water cup') 

Leaves peltate, umbels many-flowered 1 H umbeUata 

Leaves rcniform, umbels 1-5-floweml 2 H ameneana 

1 Hydrocotyle umbellata L (‘in umbels’) 

Umbellate Water Pennywort 
Ponds and marshes, almost restricted to the area south 
of Saginaw Bay 

Specimens examined —Berrien Co (Dodge & Darlington, 
1917), Cass Co (F. C. Gates, 1906), Van Buren Co (H. S 
Pepoon, 1903), Kalamazoo Co (1838), Calhoun Co (W J. 
Beal, 1898); Washtenaw Co. (B A. Walpole 1920), Ingham 
Co (1887), Allegan Co (O A Farwell, 1920), Genesee Co. 
(D. Clarke). 

Reported from Kent Co. (Emma J Cole), Ionia Co, 
Gratiot Co (Beal’s catalog), Cheboygan Co (McFarland), 

2. Hydrocotyle ameneana L (‘American’) 

American Water Pennywort 
Ponds and swamps, mostly in the Lower Peninsula. 
Specimens examined. — Washtenaw Co (B. A. Walpole, 
1920), Oakland Co. (C Billington, 1914); Eaton Co. (H T. 
Darlington, 1916), Osceola Co (Bessey & Darlington, 1916); 
Chippewa Co. (Lewis Foote, 1867) 

Reported from Kent Co. (C W. Fallass), Gratiot Co., 
Huron Co (C. A Davis), Manistee Co. (F. P. Darnels), 
Emmet Co (Fallass A Swift). 
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21 Ehioenia Nutt 
(Greek, ‘ spring-bom’) 

Engema bulboea (Michx) Nutt (‘bulb-bearing’) 

Harbinger of Spring 

In low woods in the counties south of Saginaw Bay One 
of the earliest plants to bloom in spring 
Specimens examined —('ass Co (H S Pepoon, 1906), 
Van Buren Co (H S Pepoon, 1906), Jackson Co (S H <t 
D R Camp 1897), Washtenaw Co (E C. Allmendmger, 
1871), Wayne Co (S M Keenan, 1914), Macomb Co 
(D Cooley, 1850), Oakland Co (B F Chandler, 1916), 
Ingham Co (F L Sleeper, 1867), Kent Co (H M Bailey, 
1893), Genesee Co (D Clarke), Gratiot Co (C A Davis, 
1890), St Clair Co (C K. Dodge, 1893) 

Reported from Berrien Co (C Bilhngton), Calhoun Co 
(C E Barr), Eaton Co (Shoop) 

22 Coniitm L 
(Greek, ‘hemlock’) 

Comum maculatum L (‘spotted’) 

Poison Hemlock Snakeweed 
Naturalized from Europe, in waste places 
Specimens examined —Jackson Co (S H Camp, 1894), 
Oakland Co (B F Chandler, 1915), Macomb Co (D Cooley, 
1844), St Clair Co (C K Dodge, 1898), Ionia Co (C F 
Wheeler, 1890); Leelanau Co (H M Bailey, 1891), Emmet 
Co. (C. F. Wheeler, 1890), Mackinac Is (C F Millspaugh, 
1898) 

Reported from St. Joseph Co (M A C determination), 
Wayne Co. (O. A. Farwell), Ingham Co (B. A. Walpole), 
Kent Co (Emma J Cole), Tuscola Co, Mackinac Co, 
Mackinac Island, Sohoolcraft Co (C K Dodge) 
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23 Aegopodium L 
(Greek, ‘goat foot’) 

Aegopodium podagrana L (‘for the gout’) 

Goutweed, Goutwort, Herb Gerard 
Sparingly introduced from Europe 
Specimens examined —Ingham Co. (1887), St Chur Co 
(C. K Dodge, “a permanent escape”) 

24 Behula Hoffm 
(Latin name of water cress) 

Benda erecta (Iluds) Coville (‘erect’) 

Cut-leaved Water Parsnip 

Swamps, mainly restricted to the southeastern counties 
Specimens examined —Berrien Co (Dodge & Darlington, 
1917), Cass Co (H S Pepoon, 1904) 

Reported from Kalamazoo Co (F H. Tuthill), Oakland Co. 
(F P Daniels), Manistee Co (J W Stacey). 

25 Sium [Tourn 3 L 
(Greek name of a marsh plant) 

Stum cicutaefohum Schrank (‘Ciouta-leaved’) 

Hemlock Water Parsnip 

All parts of the state, m water or swampy places. 
Specimens examined —Monroe Co (B. A. Walpole, 1920), 
Wayne Co. (C. Bilhngton, 1915); Washtenaw Co. (E C. 
Allmendinger, 1870), Eaton Co. (H T. Darlington, 1916), 
Kent Co (G. D Sones, 1901), St. Clair Co (C. K. Dodge, 
1892), Cheboygan Co (F. C. Gates, 1911), Alger Co. (C. F. 
Wheeler, 1900); Marquette Co. (B Barlow, 1901); Gogebic 
Co. (H. T. Darlington, 1919), Ontonagon Co (H T Darling¬ 
ton, 1922); Keweenaw Co (F. E Wood, 1888); Isle Royale 
(U. of Mich, party, 1868). 

Reported from Magician Lake district (H. S. Pepoon); 
Ingham Co. (C. F. Wheeler), Oakland Co. (J. W. Stacey); 
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Clinton Co (Beal’s catalog), Muskegon Co (C D McLouth), 
Gratiot Co (M A C identification), Huron Co, Tuscola Co, 
Bay Co to Mackinac Co along coast (C K Dodge), Manistee 
Co (F P Daniels), Emmet Co (Fallass & Swift), Beaver 
Island (H T Darlington); Schoolcraft Co (C K Dodge), 
Dickinson Co (G H Coons) 

26 Cicuta L Water Hemlock 
(Ancient Latin name) 

Leaf segment* lanceolate 
Leaf segments narrowly linear 

1 Cicuta maculata L (’spotted’) 

Water or Spotted Hemlock, Musquash Root 
Swamps and marshes, particularly m southern and 
southeastern counties 

Specimens examined —Lenawee Co (W J Beal, 1866), 
Cass Co. (A. B Burgess, 1903), Van Buren Co (H S. Pepoon, 
1905), Kalamazoo Co. (A B Burgess, 1903), Calhoun Co 
(W. J Beal, 1898), Jackson Co (S H & D R Camp, 1896), 
Washtenaw Co (B A Walpole, 1918), Wayne Co. (Lewis 
Foote, 1870), Oakland Co (C BUlington, 1916), Ingham Co 
(1871), Shiawassee Co (G II Hicks, 1889), St Clair Co 
(C. K Dodge, 1892), Muskegon Co (C D McLouth, 1892), 
Mackmac Is. (C F Millspaugh, 1898). 

Reported from Monroe Co, Livingston Co, Lapeer Co 
(M. A C identification), Genesee Co. (E. A Bessey); Kent 
Co. (C W. Fallass). Ottawa Co (E. A Bessey), Saginaw Co. 
(M. A C. identification); Huron Co , Chanty Islands, Tuscola 
Co., Bay Co. to Cheboygan Co along ooast (C K Dodge), 
Manistee Co. (F. P Darnels), Emmet Co. (Fallass & Swift), 
Dickinson Co (G H. Coons); Gogebic Co. (H T. Darlington) 

2 Cicuta bulbtfera L. (‘bulb-beanng’) 

Bulb-beanng Water Hemlook. 

Swamps and marshes all over the state. Apparently 
least frequent m the jack-pme region. 


1 C maculata 

2 C bulbtfera 
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Specimens examined — Lenawee Co (H H Winchell, 1862), 
Washtenaw Co (B A Walpole, 1918), Jackson Co (S H A 
D R. Camp, 1898), Van Buren Co (H S Pcpoon 1905), 
Eaton Co (H T Darlington, 1916), Ingham Co (1887), 
St Clair Co (C K Dodge, 1896), Ionia Co (C F Wheeler, 
1889), Kent Co. (B. E Livingstone, 1895), Montcalm Co 
(B Barlow, 1900), Mason Co (R. W Chaney, 1910), Crawford 
Co (G H Hicks, 1888), Cheboygan Co (J H Ehlers, 1921); 
Chippewa Co (J H Ehlers, 1920), Marquette Co (B Barlow, 
1901), Gogebic Co (H T Darlington, 1919), Ontonagon Co 
(Lewis Foote, 1865), Keweenaw Co (O A Farwell, 1886) 
Reported from St Joseph Co (F P Daniels), Calhoun Co 
(C E Barr), Wayne Co (O A Farwell), Oakland Co (J W 
Stacey); Muskegon Co (C D McLouth), Huron Co, Chanty 
Islands, Tuscola Co, Bay Co to Mackinac Co. along coast 
(C K. Dodge), Manistee Co (F P. Daniels), North Manitou 
Island (E N Transeau), Emmet Co. (Fallass & Swift), Beaver 
Island (H T Darlington), Schoolcraft Co (C K Dodge), 
Dickinson Co (G H Coons), Isle Royale (W S. Cooper). 

27. Carcm L 
(Greek name) 

Carum carux L 
Caraway 

Naturalized from Europe, chiefly about cities and along 
roads 

Specimens examined —Bemen Co. (Dodge A Darlington, 
1917), Washtenaw Co. (B A Walpole, 1918), Wayne Co. 
(C Bilhngton, 1916), Genesee Co (D Clarke), St Clair Co, 
(C K. Dodge, 1892), Alpena Co (Bessey A Darlington, 1918), 
Keweenaw Co (O A Farwell, 1898). 

Reported from Calhoun Co (C. E Barr), Kent Co. (C. W. 
Fallass); Huron Co., Tuscola Co, Bay Co. to Cheboygan Co., 
Mackinac Island (C. K Dodge), Manistee Co. (F. P. Darnels), 
Chippewa Co., Schoolcraft Co. (C. K. Dodge), Gogebic Co. 
(H. T. Darlington). 
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III CORNACEAE (Dogwood Family) 

Flowers perfect, 4-meroua, ovary 2-locular 
Flowers in cymes, without involucre 1 Camus 

Flowers in heads, with involucre 
Trees or large shrubs 2 Cynoxylon 

Small undershrubs 3 Chamaepenclymenum 

Flowers dioeciously polygamous, 5-inerouft, ovary 
l-looular 4 Nys&a 


1 Corn us [Tourn ] L Dogwood 
(Latin, ‘horn,’ from the hardness of the wood) 


Leuves alternate 
Leaves opposite 

Pubescence woolly and spreading 
Leaves broadly ovute or orbicular 
Leaves ovate or ovate-lanceolate 

Fruit blue, leaves often rusty beneath 
Fruit white, leaves not rusty 
Leaves scabrous above 
Leaves not scabrous 
Pubescence closely appressed 
Leaves ovate, short-pointed 
Leaves lanceolate, acuminate 


1 C alternifoha 

2 C rugosa 

3 C arnomum 

4 C aspenfoha 

5 C baileyt 

b C stolontfera 
7 C femina 


1 Cornua allemifoha L f (‘alternate-leaved') 

Alternate-leaved Cornel or Dogwood 
All over the state m woods and on stream banks 
Specimens examined —Berrien Co. (C. F, Wheeler, 1890), 
Cass Co. (H. S Pepoon, 1903), Kalamazoo Co (R. M Gibbs, 
1877), Calhoun Co (collector unknown), Washtenaw Co 
(Matheson 1910); Oakland Co (C Billington, 1914), Ingham 
Co (1872), Kent Co (P Stem, 1891), St. Clair Co (C. K. 
Dodge, 1896), Gratiot Co (C A. Davis, 1889), Montcalm Co 
(B. 0, Longier, 1900), Newaygo Co. (E A Bessey, 1916), 
Osceola Co. (E A Bessey, 1916); Roscommon Co. (Bessey & 
Darlington, 1916), Charlevoix Co. (E. A. Bessey, 1912); Emmet 
Co. (F C Gates, 1017), Cheboygan Co. (J. H Ehlere, 1917); 
Alger Co. (C F. Wheeler, 1900), Baraga Co (H T Darlington, 
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1920), Gogebic Co (Bessey & Darlington, 1919), Ontonagon 
Co (H T Darlington), Keweenaw Co (O. A. Farwell, 1886) 
Reported from Huron Co. (C A Davis), Chanty Islands, 
Tuscola Co, Bay Co. to Mackinac Co. along coast (C K. 
Dodge), Manistee Co (F. P Daniels); Chippewa Co, School¬ 
craft Co (C. K. Dodge), Dickinson Co., Houghton Co (E. A 
Bessey) 

2 Cornus rugosa Lam (‘wrinkled’) 

Comm circinata L'Her 
Round-leaved Cornel or Dogwood 
All over the state, mostly in open woods or sandy 
places 

Specimens examined —Bemen Co (Dodge & Darlington, 
1917), Cass Co (H S Pepoon, “very rare”), Jackson Co 
(G H Hicks, 1893), Washtenaw Co. (C D La Rue 1915), 
Oakland Co (C Bilhngton, 1917), Macomb Co. (D Cooley); 
St Clair Co (C K Dodge, 1892), Ionia Co (C F. Wheeler, 
1889), Montcalm Co (C. F. Wheeler, 1900), Muskegon Co 
(C D McLouth, 1900), Grand Traverse Co (C. F. Wheeler, 
1898), Leelanau Co (Pearl McCoy, 1917), Alpena Co (C F 
Wheeler, 1895), Cheboygan Co (F. C. Gates, 1911), Mackinac 
Co (B F. Chandler, 1914), Marquette Co (A Dachnowski, 
1906), Ontonagon Co (H T Darlington, 1922), Keweenaw Co. 
(F. E. Wood, 1883), Isle Royale (A. E Foote 1868) 

Reported from St Joseph Co (W. J Beal), Kent Co 
(Emma J. Cole, “rare”), Gratiot Co., Huron Co. (C. A. Davis), 
Charity Islands, Tuscola Co., Bay Co. to Mackinac Co. along 
coast, Mackinac Island (C. K. Dodge), Manistee Co. (F. P. 
Daniels); Emmet Co. (Falkss & Swift), Beaver Island (H. T. 
Darlington); Chippewa Co, Schoolcraft Co (C K. Dodge), 
Dickinson Co. (G. H. Coons). 

3. Comm amomurn Mill. 0 cinnamon ’) 

Silky Cornel, Kinmkinnik. 

All over the state except in the extreme northwest. 
Swampy places, streams and sand dunes. 
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Specimens examined. — Cass Co (H S Pepoon, 1903), Van 
Buren Co (H S Pepoon, 1904), Washtenaw Co (£ C 
Allmendmger), Wayne Co (C Billington, 1914), Macomb Co 
(D Cooley, 1839), Oakland Co (C. Billington, 1916), Ingham 
Co (A N D, 1871), Kent Co (H M Bailey, 1892), St Clair 
Co (C K Dodge, 1896), Gratiot Co (C A Davis, 1890), 
Muskegon Co (W J Beal, 1898), Mecosta Co (E A Bessey, 
1916), Osceola Co (H T Darlington, 1916), Cheboygan Co 
(J H Ehlcrs, 1916), Marquette Co (C K Dodge, 1916), 
Keweenaw Co (O A Farwell, 1888) 

Reported from St Joseph Co (F P Daniels), Calhoun Co 
(C E Barr, 1908), Livingston Co (E A Bessey), Ionia Co 
(MAC identification), Huron Co, Chanty Islands, Tuscola 
Co, Bay Co to Mackinac Co along coast (C K Dodge), 
Manistee Co. (F P Daniels), Emmet Co (Fallass & Swift), 
Schoolcraft Co (C K Dodge), Dickinson Co (G H. Coons) 

4 Cornua aapenfolia Michx (‘rough-leaved’) 

Rough-leaved Cornel or Dogwood. 

Mostly restneted to the southeastern comer of the state 
Specimens examined —Lenawee Co (C Billington, 1916), 
Monroe Co. (C. Billington, 1918), Wayne Co (O. A Farwell, 
1892) 

Reported from Calhoun Co (C F Wheeler), Manistee Co 
(F P. Daniels). 

6. Cornua bailey 1 Coult & Evans (‘Bailey’s’) 

Bailey’s Cornel or Dogwood 
Somewhat scattering over entire state, swamps and sand 
dunes. Said to grade into C. atojpnifera 
Specimens examined —Berrien Co. (C. F. Wheeler, 1890), 
Ottawa Co (E. B. U., 1891); Ionia Co. (C F Wheeler, 1890), 
Muskegon Co (L M. Umbach, 1898), Huron Co (C A 
Davis, 1896), Grand Traverse Co. (C. F Wheeler, 1898), 
Alpena Co (C. F. Wheeler, 1895); Cheboygan Co. (J H 
Ehlers, 1917), Emmet Co. (C F. Wheeler, 1892), Mackinac 
Co, Mackinac Island (C. K. Dodge, 1912), Schoolcraft Co. 
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(C A Davis, 1905), Algol Co (J G Coulter, 1892), Meno¬ 
minee Co (J H Schuette, 1892), Keweenaw Co (F E Wood, 
1883) 

Reported from Wayne Co (John M Sutton), Tuscola Co 
(C A Davis), Bay Co to Mackinac Co along coast (C K 
Dodge, “frequent”), Manistee Co (F P Darnels), Benzie 
Co , Beaver Island (H C Cowles), Gogebic Co (H T Darling¬ 
ton) 

6 Cornus atolomfera Michx (‘stolon-beanng’) 

Red-osier Cornel or Dogwood. 

Sand dunes and bogs over entire state 

Specimens examined —Cass Co (H S Pepoon, 1905), St 
Joseph Co (C F Wheeler, 1890), Hillsdale Co (D A Pelton, 
1885), Washtenaw Co (L Foote, 1863), Ingham Co (L H 
Cole, 1895), Oakland Co (D A Pelton, 1885), Macomb Co 
(D Cooley 1820), St. Clair Co (C K Dodge, 1892), Ioma 
(Jo (C F. Wheeler, 1890), Gratiot Co (C A Davis, 1891), 
Tuscola Co. (A J Pieters, 1914), Huron Co (C K Dodge, 
1909), Iosco Co (J M Waterbury, 1915), Alpena Co (C F 
Wheeler, 1895), Cheboygan Co (F C Gates, 1911), Mackinac 
Co (J H Ehlere, 1920), Alger Co (C F Wheeler, 1900), 
Marquette Co (B Barlow, 1901), Gogebic Co (E A. Bessey, 
1919), Keweenaw Co. (O A Farwell, 1888), Isle Royale, 
A E Foote 1868) 

Reported from Calhoun Co (C E Barr), Wayne Co 
(John M Sutton), Allegan Co (E. A Bessey); Kent Co 
(Emma J Cole), Midland Co (M A C identification), 
Charity Islands Bay Co to Mackinac Co along coast, Mackinac 
Island (C. K. Dodge), Manistee Co. (F. P Daniels), Benzie 
Co (H C Cowles), Leelanau Co (S M. Coulter), Charlevoix 
Co (E A. Bessey), Emmet Co (Fallass & Swift), Beaver 
Island (H C. Cowles), Chippewa Co, Schoolcraft Co (C. K. 
Dodge), Dickinson Co. (G H. Coons), Ontonagon Co (H T. 
Darlington) 
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7 Comua femina Mill (‘woman’) 

Pamcled Cornel or Dogwood 
Lower Peninsula, particularly southern part Streams 
and thickets 

Specimens exaimned —Berrien Co (Dodge & Darlington, 
1917), Cass Co (H S Pepoon, 1905), Monroe Co (C K 
Dodge 1911), Wayne Co (Lewis Foote, 1870), Washtenaw Co 
(M V Harrington, 1868), Jackson Co (S H & D R Camp, 
1897), Calhoun Co (W J Beal, 1898); Kalamazoo Co (A B 
Burgess, 1903), Eaton Co (H T Darlington, 1916), Ingham 
Co (1887), Oakland Co (C Bilhngton 1918), St Clair Co 
(C. K Dodge, 1892), Genesee Co, Ionia Co (C F Wheeler, 
1890), Muskegon Co (W r J Beal, 1898), Montcalm Co 
(C F Wheeler, 1900), Gratiot Co (C A Davis, 1893), 
Newaygo Co (E A Bessey, 1916), Leelanau Co (Pearl McCoy, 
1917), Cheboygan Co (J H Ehlers, 1920), Emmet Co 
(H M Bailey, 1891) 

Reported from Kent Co (Emma J Cole), Genesee Co 
(M A C identification), Huron Co, Chanty Islands, Tuscola 
Co, Bay Co to Mackinac Co along coast (C K Dodge), 
Manistee Co (F P Daniels), Charlevoix Co (E A Bessey) 

2. Cynoxylon Raf. 

(Greek, ‘dogwood’) 

Cynoxylon floridum (L) Raf (‘flowenng’) 

Cornua flonda L 
Flowenng Dogwood 

Oak woods limited, with one exception, to the counties 
south of Saginaw Bay. * 

Specimens examined. — Berrien Co. (J. Colvin, 1906), St 
Joseph Co (A B. Burgess, 1903), Van Buren Co (H S 
Pepoon, 1908); Washtenaw Co (A. J. Pieters, 1894), Wayne 
Co. (C. Bilhngton 1914); Macomb Co (D Cooley, 1844), 
Ingham Co (L. J. Cole, 1895), Kent Co (H. M. Bailey, 1891); 
Muskegon Co. (C D. McLouth, 1896), Tuscola Co (C. K. 
Dodge, 1910) 
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Reported from Lenawee Co (Frances Stearns), Calhoun Co 
(C E Barr), Allegan Co (E A Bessey), Oakland Co (J W 
Stacey), Manistee Co (F P Daniels) 

3 Chamaepericlymenum Graebn. 

(Greek, ‘ground Periclymenum’) 

Chamaepenclymenum canadense (L) Asch & Graebn (‘of 
Canada’) 

Cornua canadensis L 
Dwarf Cornel, Bunchberry 
All over state in bogs and cold woods 
Specimens examined — Cass Co (H S Pepoon, 1904), St 
Joseph Co (C F Wheeler, 1890), Washtenaw Co (R Walcott, 
1891), Kalamazoo Co (F H Tuthill, 1873), Macomb Co 
(D Cooley, 1843), Oakland Co (B F Chandler, 1913), Ingham 
Co (1871), Ottawa Co (L J Cole, 1894), Clinton Co (C F 
Wheeler, 1901), St Clair Co (C K Dodge, 1892), Muskegon 
Co (W J Beal, 1898), Mason Co (R. W Chaney, 1910), 
Roscommon Co (W J Beal, 1902), Alcona Co (1888), 
Leelanau Co (Anna King, 1920), Charlevoix Co (E A Bessey, 
1912), Cheboygan Co (F C Gates, 1911), Emmet Co 
(H M Bailey, 1893), Mackinac Co (J H Ehlers, 1920), 
Mackinac Is (C F Millspaugh, 1898), Chippewa Co (J H 
Ehlers, 1920), Alger Co (C. F. Wheeler, 1900), Marquette Co. 
(B Barlow, 1901); Menominee Co. (J H Schuette, 1884), 
Baraga Co (H M Bailey, 1893), Keweenaw Co (F E Wood, 
1883), Isle Royale (M W Harrington, 1868) 

Reported from Van Buren Co (H S Pepoon); Calhoun Co. 
(C E Barr), Kent Co (Emma J Cole), Huron Co., Tuscola 
Co. (C. A Davis), Chanty Islands, Bay Co to Mackinac Co. 
along coast, Mackinac Island (C K Dodge), Manistee Co 
(F. P. Daniels); Benzie Co (W. G. Waterman), Beaver Island 
(H. T Darlington); Schoolcraft Co (C K Dodge), Dickinson 
Co (G H Coons); Gogebic Co., Ontonagon Co (H. T. 
Darlington). 
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4. Nyssa L. 

(Name of a water nymph) 

Nyssa sylvatica Marsh ('belonging to the woods’) 

Black Gum, Sour Gum, Tupelo, Peppendge 
Swamps and swamp margins, almost confined to counties 
south of Saginaw Bay 

Specimens examined. — Cass Co. (H S Pepoon, 1906), 
Branch Co (A C Burrell, 1914), Monroe Co. (C D La Rue, 
1914), Wayne Co (C. Bilbngton, 1914), Washtenaw Co 
(B A Walpole, 1920), Jackson Co (S H. Camp, 1893), 
Calhoun Co (W J. Beal, 1898), Van Burcn Co (H S. Pepoon, 
1903), Ingham Co (W. J Beal, 1899), Oakland Co (C Bilhng- 
ton, 1916), Macomb Co (D. Cooky, 1820), St Clair Co 
(C K Dodge, 1892), Saginaw Co (A. J Pieters, 1914), 
Gratiot Co. (C A Davis, 1890), Muskegon Co (W. J Beal, 
1898) 

Reported from Kalamazoo Co (F. H TuthiH), Kent Co 
(Emma J Cole), Tuscola Co, Bay Co., Arenac Co (C K. 
Dodge), Manistee Co (F. P Darnels) 

Western State Nokmal School 
Kalamazoo, Mich 



DISTRIBUTION OF THE ERICALES IN 
MICHIGAN 

L A KENOYEll 

The order Encalcs has 39 species reported from Michigan, 
all but one of which ate native The Michigan species constitute 
only 46 per cent of the 84 species included in the Britton A 
Brown Illustrated Flora Their range is as follows 


Listed m Found in 

Britton A Brown Michigan 


Eastern species 

48 

13 

Western species 

2 

1 

Northern species 

30 

22 

Continent-wide species 

2 

2 

Local species 

1 

0 

Introduced species 

1 

1 

The continent-wide species 

are Monotropa 

nmflora and 


Chvmaphila corymbosa The distribution of the order, so far as 
eastern North America is concerned, is prevailingly eastern and 
northern The prairie states are almost without representatives. 
Of those species found m Michigan the northern, i.e, the arctic 
and subarctio, forms predominate These are relicts of the 
glacial period, constituting a conspicuous element m the bog 
vegetation, a type of plant formation characteristic of the tundra 
and presumably stranded in a region now south of its natural 
climatic sone as the glaciers receded to the north. 

All of our fepresentatives belong to that assemblage of 
groups included by the earlier botanists and by Gray’s Manual 
under the Ericaceae or Heath Family, but divided by Bntton A 
Brown into Pyrolaoeae (Wwtergreen Family), Monotropaceae 
(Indian Pipe Family), Ericaceae (Heath Family), and Vaccini- 

M6 
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aceae (Huckleberry Family). For the first three families the 
nomenclature of the North American Flora, Volume 29, pub¬ 
lished by the New York Botanical Gardens, is here employed, 
while for the last, that of the Bntton & Brown Illustrated 
Flora is relied upon 

Ecologically the bog habitat predominates for the group in 
Michigan About 10 of our species are confined to bogs, while 
as many as 19 are to be found growing m bogs Four may be 
found prevailingly as xerarcli pioneers on sandy or rocky situa¬ 
tions, where they take part m the formation of the so-called 
heath society, and 10 are found prevailingly in subclunax forests 
It is doubtful whether any of them occur prevailingly in the 
climax beech-maple forest of southern and north central Michi¬ 
gan, but three are found in the northern birch-fir-spruce climax 
forest of Isle Boy ale This accords with the general rule that 
climax members in the north tend to be pushed away from the 
climax as one proceeds southward 

Three members of the Heath Family proper are characteristic 
shrubs of the bog-shrub zone, which occure in practically every 
bog of the state just outside (subsequently to, as regards 
time succession) the floating sedge mat and inside (previous to) 
the bog forest. The Bog Rosemary, Andromeda polifolia, ap¬ 
pears first, growing on the sedge mat Next comes Cassandra, 
Chamaedaphne calyoulata, which may be considered the type 
shrub of the bog-shrub zone. Last is Labrador Tea (Ledum 
groenlandicum), which roots itself in the sphagnum and by killing 
out the other shrubs and eventually even the sphagnum occupies 
the ground until trees take possession This is less common in 
the southern part of the state than are the other two. 

Other bog shrubs of importance in the torder are the cran¬ 
berries, Ozycoccus oxycoccus and Oxycoceus macrocarpus, the High 
Blueberry, Voccimutn c orymbosum, and, in the northern portion, 
the Creeping Snowberry, Cktogenes htsptdvla 

The Bearberry, Uva-wst o va-ursi, is one of the prevailing 
members of the sand-dune heath formation, while Vaeamwn 
caespitosum and V. u liginosum are rock pioneers in the northern 
part of the state. 
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The Huckleberry, Gaylussacia resmosa , and the low blue¬ 
berries, Vacamxum angustifohum and V. canadense , are among 
the forms characteristic of dry or sandy pioneer formations 
although they, particularly the last, may also be found m bogs 

Of our species 18 are state-wide m their distribution, 11 are 
more or less restncted to the northern part, 4 to the southern 
part, while 6 are local or scattering 

Because of the preponderance of northern forms this order 
enters prominently into any plant list from the Upper Peninsula 
There are only *3 4 times as many localities reported for the 
species of this order from the Lower as from the Upper Penin¬ 
sula, as compared with 6 5 times as many which we found in the 
case of the Umbellales 

A rare shrub of the order is Arsenococcus hguntrinus , which 
was found in Keweenaw County by Dr Robbins and in Ne¬ 
waygo by Prof Darlington Another is Polycodium stamineum , 
found in Washtenaw by C A Davis Vaccinium membrana- 
ceum, V ovahfohutn and V uhginomm are of very limited distri¬ 
bution in the northern part of the state, while V caespitomm 
has been reported only from Ionia County and indefinitely from 
northern Michigan Erxlebema minor has been found only on 
Isle Royale and in Cheboygan County Vitis-idaea mhe-tdam 
has been collected only on Isle Royale A more thorough ex¬ 
ploration of northern Michigan would doubtless reveal other 
forms 


ERICALES 

Carpels many with many minute seeds; style 1, petals 
united or separate, stamens as many as the corolla lobes or 
petals and alternate with them; anthers commonly appendaged 
or opening by terminal pores 

Saprophytes or root parasites, without green foliage 

2 Mcnotropaceae (Indian Pipe Family) 

Green plants 

Petals separate 1 Pyrolaceae (Wintergreen Fatally) 

Petals united 

Ovary superior 3 Ericaceae (Heath Family) 

Ovary inferior 4 Vacctmaceae (Huckleberry Family) 
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I. PYROLACEAE (Wintebgreen Family) 


4 Monies 


Flowers solitary 
Flowers clustered 
Flowere in racemes, leaves basal 
Style curved downward 
Style straight 

Style short, disk none 2 

Style long, disk 10-lobed 3 

Flowers m corymbs or umbels, leaves opposite or whorlcd 

5 Ckimaphtla 


l Pyrola 


Erxlebenta 

Ramuchxa 


1 Pyrola [Tourn ] L Wintergreen 
(Diminutive of pyrus , ‘pear/ from similarity of leaves) 


Flowers pmk or purple, bog plants 
Leaves round or oval 
Leaves remform 

Flowere white or greenish, woodland plants 
Calyx lobes lanceolate, acute, leaves slumng 
Calyx lobes triangular or ovate, obtuse, leaves dull 
Leaves elliptical, blade longer than petiole 
Leaves orbicular, blade shorter than petiole 


1 P uliffinoaa 

2 P asanfoha 

3 P ameneana 

4 P eUtpitca 

5 P chloranlha 


1 Pyrola uhginosa Torr ('of damp places’) 

Pyrola amnfolui mcamata (Fisch ) Femald 
Bog Wmtergreen 
In bogs, over most of the state 
Specimens examined — Jackson Co (S H & D R Camp, 
1894), Washtenaw Co (N H Winchell, 1862), Ingham Co 
(H. C Skeels, 1894), Oakland Co. (B. F Chandler, 1916), 
St. Clair Co. (C. K Dodge, 1893), Gratiot Co (C. A Davis, 
1893), Montcalm Co (Quackenbush, 1890), Muskegon Co 
(C D. MoLouth, 1895), Mason Co. (R W. Chaney, 1910), 
Iosco Co (Beal & Wheeler, 1888); Alcona Co. (1888), Alpena 
Co. (C F Wheeler, 1895), Cheboygan Co (C. K. Dodge, 1912), 
Emmet Co (R. Rowland, 1893); Alger Co. (C K. Dodge, 
1916), Marquette Co (B. Barlow, 1901); Menominee Co. 
(I B. Schuette, 1891); Isle Royale (A. E. Foote, 1868). 

Reported from Eaton Co. (H L. Clark), Livingston Co 
(C. A. Davis), Alpena Co. to Mackinac Co along coast, 
Schoolcraft Co. (C. K. Dodge), Dickinson Co. (E. J. Hill); 
Keweenaw Co. (0. A Farwell). 
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2 Pyrola asanfoha Michx (‘with leaves like Aaarum,’ the wild 

ginger) Liver-leaf Wintergreen 
In bogs, like the former species, and apparently grading 
into it 

Specimen examined — Schoolcraft Co (C. K Dodge, 1915). 
Reported from Oakland Co (J. W Stacey), Kent Co 
(Bert E Quick), Bay Co to Mackinac Co along coast, Macki¬ 
nac Island (C K Dodge), Cheboygan Co (F C Gates), 
Emmet Co (Fallass & Swift), Gogebic Co (H T Darlington), 
Isle Royale (W S Cooper) 

3 Pyrola amencana Sweet (‘American’) 

Round-leaved American Wintergreen 
Dry woods, in Lower Peninsula only 
Specimens examined —Bemen Co. (G S Ames, 1867), 
Cass Co (H S Pepoon, 1906), Hillsdale Co (1868), Wash¬ 
tenaw Co (B A Walpole, 1918), Ingham Co (1872), Oakland 
Co (B. F Chandler, 1916), St Clair Co (C K Dodge, 1892), 
Muskegon Co (W. J. Beal, 1898), Oceana Co (D Cooley, 
1848), Mason Co (Bessey & Darlington, 1916), Alpena Co 
(C F Wheeler, 1895), Cheboygan Co (F C Gates, 1916), 
Emmet Co (Russell Rowland, 1893). 

Reported from Wayne Co. (O A. Farwell, “rare”), Kent 
Co (C W Fallass), Huron Co, Chanty Islands, Tuscola Co 
(C K Dodge), Isabella Co (M. A C identification), Manistee 
Co. (F P Daniels), Leelanau Co. (E A. Bessey) 

4 Pyrola elliphca Nutt, (‘elliptic’) 

Shm Leaf 

All over state, m forests 

Specimens examined. — Berrien Co (Dodge & Darlington, 
1917), Cass Co. (H. S. Pepoon, 1906), Lenawee Co. (W J, 
Beal, 1866), Wayne Co (Lewis Foote, 1870), Jackson Co * 
(S H & D R Camp, 1897), Kalamazoo Co. (R. M Gibbs), 
Ingham Co. (F. L. Sleeper, 1867), Oakland Co. (C. BUkngton, 
1914), St. Clair Co. (C. K. Dodge, 1892); Montcalm Co. 
(C F. Wheeler, 1900), Isabella Co. (Mrs. E. B. Cole, 1914); 
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Mason Co (Bessey & Darlington, 1916), Iosco Co (Beal A 
Wheeler, 1888), Alpena Co. (C F. Wheeler, 1895), Leelanau 
Co. (Anna King, 1920), Cheboygan Co (J. H Ehlers, 1920), 
Mackinac Island (C F Millspaugh, 1898), Alger Co (J. G 
Coulter, 1892), Menominee Co (C A Davis, 1905), Marquette 
Co (B Barlow, 1901), Gogebic Co (H T Darlington, 1919), 
Keweenaw Co (O A Farwell, 1886), Isle Royalc (A E Foote, 
1868) 

Reported from Calhoun Co (C E. Barr), Washtenaw Co 
(C D. La Rue), Kent Co (B F Livingston), Ioma Co 
(Beal’s catalog), Huron Co (C A Davis), Chanty Islands, 
Tuscola Co, Bay Co to Mackinac Co along coast (C K 
Dodge), Manistee Co (F. P Darnels), Charlevoix Co (L H 
Harvey), Emmet Co (C W Fallass), Schoolcraft Co (C K 
Dodge) 

5 Pyrola chloranlhn Sweet (‘green-flowered’) 

Greenish-flowered Wintergreen 
Woods, especially northward, not very abundant 
Specimens examined —Ingham Co (1872), Kent Co 
(W. E. Millikan, 1896), Ionia Co (D Cooley, 1847), St Chur 
Co (C K Dodge, 1893), Grand Traverse Co (C F Wheeler, 
1891), Oscoda Co. (1888), Alpena Co. (C F. Wheeler, 1895), 
Cheboygan Co. (C. F. Wheeler, 1890), Emmet Co (Fallass & 
Swift, 1918); Mackinac Co (C K. Dodge, 1912), Chippewa 
Co. (C K Dodge, 1914), Ontonagon Co (H T Darlington, 
1922); Keweenaw Co. (O. A. Farwell, 1888); Isle Royale 
(A E. Foote, 1868). 

Reported from Gratiot Co (W. J Beal), Mackinac Island 
(C. K Dodge), Marquette Co., Gogebic Co'(E A Bessey). 

2 Ebxlebenu Opiz. 

JSrxlebema minor (L) Rydberg (‘lesser’) 

Pyrola minor L 
Lesser Wintergreen. 

Forests, almost limited to the Upper Peninsula 
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Specimens examined —Chippewa Co. (Lewis Foote, 1868); 
Alger Co (K K Mackenzie, 1816, “plentiful”)* 

Reported from Cheboygan Co. (F C Gates), Keweenaw 
Co (O A Farwell), Isle Royale (W S. Cooper, climax or 
fir-birch-spruce forest). 


3. Ramischia Opiz 

Ramischia secunda (L) Garcke. ('one-sided') 

Pyrola secunda L 
One-sided Wmtergreen 
All over state in swamps and moist woods. 

Specimens examined —Cass Co (H. S. Pepoon, 1906), 
Wayne Co (Lewis Foote, 1870), Washtenaw Co (B A Wal¬ 
pole, 1918), Jackson Co (S. H. & D R Camp, 1899), Ingham 
Co (H T Darlington, 1916), Oakland Co (C Billington, 
1914), St Clair Co (C K Dodge, 1891), Lapeer Co (D 
Cooley, 1847), Genesee Co (D. Clark), Kent Co (L H Cole, 
1896), Muskegon Co (C D McLouth, 1898), Mason Co 
(H T Blodgett, 1892), Roscommon Co (Bessey & Darlington, 
1916), Iosco Co (Beal & Wheeler, 1888), Alcona Co. (1888), 
Grand Traverse Co (C F Wheeler, 1898), Cheboygan Co 
(C F Wheeler, 1890), Emmet Co. (Hathaway), Mackinac fco. 
(C. K Dodge, 1912), Mackinac Island (C F. Millspaugh, 
1898), Alger Co. (C. F Wheeler, 1900), Marquette Co. (B 
Barlow, 1901), Menominee Co. (C A. Davis, 1906), Gogebic 
Co (E A. Bessey, .1919), Ontonagon Co. (H. T Darlington, 
1922), Isle Royale (J H. Sandberg, 1889). 

Reported from Van Buren Co (H S Pepoon); St. Joseph 
Co. (F. P Darnels), Huron Co, Chanty Islands, Tuscola Co, 
Bay Co to Mackinac Co along coast, Mackinac Island (C. K. 
Dodge), Manistee Co. (F. P. Darnels), Crawford Co (G. H 
Hicks), Charlevoix Co (L. H Harvey); Beaver Island (H T. 
Darlington), Chippewa Co, Schoolcraft Co. (C. K Dodge), 
Delta Co (E J. Hill), Keweenaw Co. (O A. Farwell); Isle 
Royale (W S Cooper) 
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4 Moneses Salisb. 

(Greek, ‘single delight’) 

Moneses uniflora (L) A Gray (‘one-flowered’) 

One-flowered Wintergreen 
Mainly northward, in damp woods and swamps 
Specimens examined — Ingham Co. (H T Darlington, 
1916), St Clair Co (C K. Dodge, 1892), Alpena Co (C F 
Wheeler, 1895), Cheboygan Co. (C F Wheeler, 1890), Emmet 
Co (collector unknown), Chippewa Co. (C. K Dodge, 1914), 
Schoolcraft Co (C. K Dodge, 1915), Menominee Co (J H 
Schuette, 1884), Marquette Co (B Barlow, 1901), Gogebic 
Co. (E A Bessey, 1919), Keweenaw Co. (O A Farwell, 1886), 
Isle Royalc (A E Foote, 1868). 

Reported from Oakland Co (J W Stacey), Genesee Co, 
Montcalm Co (Beal’s catalog), Tuscola Co, Bay Co to 
Mackinac Co along coast (C. K Dodge), Delta Co (E J 
Hill). 

5 Chimaphila Pursh 

(Greek, ‘winter-loving,’ from the evergreen leaves) 

Leaves lanceolate, mottled 1 C maculate 

Leaves spatulato, bright green 2 C corymbota 

1 • Chvmaphila maadata (L) Pursh (‘spotted’) 

Spotted Wintergreen. 

Woods, mainly m the southwest near Lake Michigan 
Specimens examined —Cass Co. (H. S Pepoon, 1906), 
Van Buren Co. (H S Pepoon, 1904), Allegan Co (C Bilhng- 
ton, 1917); Ottawa Co. (Lewis Foote, 1871); Washtenaw Co 
(B. A. Walpole, 1919), Mason Co. (R W Chaney, 1910), 
Leelanau Co (Anna King, 1920) , 

Reported from Genesee Co (Beal’s catalog), Ionia Co 
(L H Bailey); Muskegon Co (Mary J. Fallass) 

2. Chimaphila corymbose Pursh. (‘flowers in corymbs’) 

Chimaph.Ua umbellate of Gray’s Manual and Bntton & 
Brown's Flora. (The latter name is now reserved for a 
European species slightly different from ours) 

All over the state in oak and pine forests. 
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Specimens examined —Cass Co (F C Gates, 1906), Van 
Buren Co (H S. Pepoon), Calhoun Co. (W J Beal, 1898), 
Jackson Co (S H & D R Camp, 1897), Washtenaw Co 
(C D La Rue, 1915), Ingham Co (1875), Oakland Co (B F 
Chandler, 1916), St Clair Co (C K Dodge, 1892), Kent Co 
(Shaddick & Skeels, 1895), Montcalm Co (B Barlow, 1900), 
Gratiot Co (1890), Oceana Co (Lewis Foote, 1870), Mason 
Co (R W Chaney, 1910), Missaukee Co (C D La Rue, 
1914), Crawford Co (G H Hicks, 1888), Leelanau Co (Anna 
King, 1920), Cheboygan Co (J H Ehlers, 1917), Enunet Co 
(C F Wheeler, 1890), Beaver Island (C F Wheeler, 1900), 
Mackinac Island (C F Millspaugh, 1898), Delta Co (H. H 
Babcock, 1872), Marquette Co (A Dachnowski, 1906) Goge¬ 
bic Co (Bessey & Darlington, 1919), Ontonagon Co (H T. 
Darlington, 1922), Isle Royale (A E Foote, 1868) 

Reported from St Joseph Co (F P Darnels), Allegan Co 
(E A Bessey), Muskegon Co (C. D. MoLouth), Huron Co 
(C A Davis), Charity Islands, Tuscola Co, Bay Co to 
Mackinac Co along coast (C K Dodge), Manistee Co (L H 
Harvey), Chippewa Co, Schoolcraft Co (C K. Dodge), 
Dickinson Co (G H Coons) 


II MONOTROPACEAE (Indian Pipe Family) 


Petals united, persistent 
Petals separate, deciduous 
Flowers solitary 
Flowers in racemes 


1 Pitrotpora 

i Monotropa 
3 ttypop ttys 


1. Pterospora Nutt 
(Greek, ‘wing-seeded’) 

Pterospora andromedea Nutt (‘dedicated to Andromeda*) 

Pine Drops; Giant Bird’s Nest 
Widely scattered, among pines, on the roots of which it is 
parasitic. Not common. 

Specimens examined. — St Clair Co. (C. K. Dodge, 1892); 
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Ottawa Co. (Lewis Foote, 1871); Antrim Co (W B Cooper, 
1902), Emmet Co (J H Ehlers, 1920). 

Reported from Iosco Co (Beal's catalog), Schoolcraft Co. 
(C K Dodge), Ontonagon Co (E Whitney), Keweenaw Co 
(O A Farwell) 


2 Monotbopa L 
(Greek, ‘once-turned’) 

Monolropa uniflora L (‘one-flowered’) 

Indian Pipe 

Over entire state, m nch forests 

Specimens examined —Bemen Co (Miss Everts, 1867), 
Cass Co (H S Pepoon, 1906), Van Buren Co (H S Pepoon, 
1906), Lenawee Co (W J Beal, 1866), Washtenaw Co (C D 
La Rue, 1915), Wayne Co (Mabel C Riggs), Oakland Co 
(C Billington, 1914), Jngham Co (F L Sleyscr, 1867), St 
Clair Co (C K Dodge, 1892), Genesee Co (J S Spencer, 
1896), Ottawa Co (E B W., 1891), Montcalm Co (C F 
Wheeler, 1900), Mason Co (R W Chaney, 1910); Leelanau 
Co. (Anna King, 1920), Cheboygan Co (C K Dodge, 1896), 
Beaver Island (C F Wheeler, 1900), Mackinac Island (C F 
Millspaugh, 1898), Mackinac Co (S H & D. R Camp, 1896), 
Menominee Co (J. H Schuette, 1885), Marquette Co (B Bar- 
low, 1901), Gogebic Co. (E. A Bessey, 1919), Ontonagon Co 
(H. T Darlington, 1922), Keweenaw Co (O A Farwell, 1886), 
Isle Royale (A. E Foote, 1868). 

Reported from St. Joseph Co (F P Darnels), Branch Co , 
Hillsdale Co (M. A C identifications), Calhoun Co. (C E 
Barr), Kalamazoo Co., Allegan Co, Barry Co, Livingston Co 
(M. A. C. identifications), Kent Co (C W Fallass), Muske¬ 
gon Co (C. D. McLouth); Tuscola Co, Huron Co (C. K 
Dodge), Charity Islands (N. A. Wood); Osceola Co (M A C 
identification), Manistee Co. (F. P Darnels), Emmet Co 
(C. W. Fallass), Mackinac Co., Mackinac Island (C. K. 
Dodge); Chippewa Co (H. A. Wood), Schoolcraft Co. (C K. 
Dodge) 
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3 Hyfopitys Adana 

(Greek, m reference to its growth under firs) 

Hypopitys lanuginosa (Michx) Nutt (‘woolly’) 

Montropa hypopitys Gray’s Manual , 

Hairy Pinesap, False Beech Drops 
Scattered over most of the state, but especially rare m 
the jack pine region 

Specimens examined — Cass Co (H. S Pepoon, 1904), 
Washtenaw Co (C D La Rue, 1915), Ingham Co (C F 
Wheeler, 1901), Oakland Co (B F Chandler, 1915), Macomb 
Co (D Cooley, 1848), Manistee Co (F P. Darnels, 1900), 
Cheboygan Co (C, K, Dodge, 1892), Marquette Co* (A Dach- 
nowski, 1906), Gogebic Co. (H T. Darlington, 1919), Kewee¬ 
naw Co (O A Farwell, 1887) 

Reported from St Clair Co (Whitney catalog), Crawford 
Co (G H Hicks), Emmet Co (C W Fallass); Chippewa Co 
(C K Dodge), Delta Co (E J Hill), Ontonagon Co (Whit¬ 
ney catalog), Isle Royale (W S. Cooper) 


III. ERICACEAE (Heath Family) 

KEY BASED ON FRUIT CHARACTERS 


Fruit dry 

Fruit a septicidal capsule 
Corolla withering-persistent 
Corolla deciduous 

Flowers from scaly buds, petals separate 
Flowers not from scaly buds, petals united 
Fruit a loculund&l capsule 
Pollen sacs opening only at the top 
Anthers 2-4-awned 
Anthers awnleas 

Capsule wall splitting into two layers 
Capsule wall of one layer only 
Pollen sacs splitting longitudinally 
Fruit fleshy 

Fruit a capsule surrounded by a fleshy calyx 
Fruit a drupe with several cohering 1-seeded nutlets 


9 CaUuna 

1 Ledum 

2 Kaltma 


4 Andromeda. 

3 Chamaedaphn* 

5 Arsmoooocue 
fl Epxgaea. 

7 OaiMsria 

8 f/sa-urri. 
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KEY BASED ON LEAF CHAKACTEB8 


Leaves opposite or whorled 


Leaves minute, scale-like, overlapping 

9 

CaUuna 

Leaves not as above 

2 

Raima 

Leaves alternate 

Leaf margins strongly revolute 

Leaves brown-woolly beneath 

1 

Ledum 

Leaves white-woolly beneath 

4 

Andromeda 

Leaf margins not strongly revolute 

Leaves glabrous or nearly so 

Tall shrub or small tree 

5 

Arsenococcua 

Low shrubs 

Leaves serrate 

7 

Gaulthena 

Leaves entire 

8 

Uva-urn 

Leaves not glabrous 

Leaves covered with scurf} scales 

3 

Ckamaedaphne 

Leaves woolly beneath, smooth above 

6 

Eptgaea 


1 Ledum L. 

(Greek name of the Cistus) 

Ledum groenlandicum Oeder ('of Greenland') 

Labrador Tea 

An Arctic species found in bogs, particularly in the northern 
portion of the state 

Specimens examined —Bemen Go. (Dodge & Darlington, 
1917), Ingham Co (Tracy, 1865), Oakland Co (C Billington, 
1917), Iosco Co (Beal & Wheeler, 1888), Roscommon Co 
(F G Gustafson, 1922), Missaukee Co. (Bessey & Darlington, 
1916), Crawford Co (G. H. Hicks, 1888); Otsego Co (C 
Billington, 1914); Alpena Co. (Bessey & Darlington, 1918), 
Emmet Co (F C. & M T Gates, 1917), Cheboygan Co 
(J H Ehlers, 1920), Mackinac Co. (J. H. Ehlers, 1916), 
Chippewa Co (C. K Dodge, 1914), Schoolcraft Co (C A. 
Davis, 1905), Alger Co (C. F. Wheeler, 1900), Marquette Co 
(B. Bartow, 1901), Gogebic Co (E A Bessey, 1919); Kewee¬ 
naw Co (O A Farwell, 1886). 

Reported from Kent Co. (L. S. Livingston), Huron Co., 
Tuscola Co, Bay Co. to Mackinac Co. along coast, Mackinac 
Island (C. K. Dodge), Bensie Co (W. S Waterman), Charle¬ 
voix Co. (E. A Bessey); Emmet Co. (C W Fallow), N 
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Marntou Island (E N Transcau), Beaver Island (H T Dar¬ 
lington), Schoolcraft Co (C K Dodge), Dickinson Co (G H 
Coons), Ontonagon Co (H T Darlington), Isle Royale (W S 
Cooper) 


2 Kalmia L 

(Named for Peter Kalm, a pupil of Linnaeus) 

Flowers in lateral mostly compound corymbs, twigs terete 

1 K angustxjaha 

Flowers in terminal simple corymbs, twigs 2-ongled 2 K pohfoha 

1 Kalmia angustifolia L ('narrow-leaved’) 

Sheep Laurel, Lambkill 

Swamps or open woods, almost restricted to a group of 
counties northwest of Saginaw Bay 
Specimens examined —Berrien Co (Dodge & Darlington, 
1917), Bay Co (George T Benson, 1918), Arenac Co (C F 
Wheeler, 1900); Roscommon Co. (C Billington, 1919), Craw¬ 
ford Co (1888), Oscoda Co (Beal & Wheeler, 1888), Alcona 
Co (1888); Alpena Co (C F Wheeler, 1895) 

Reported from Arenac to Alpena Cos, especially Arenac and 
Iosco (C K Dodge), Mackinac Co (M A C identification). 

2 Kalmia polifolta Wang ('smooth-leaved’) 

Pale or Swamp Laurel 

Shrub zone of bogs, mostly in the northern portion. 
Not reported from the two southern tiers of counties. 
Specimens examined — Oakland Co (B. F. Chandler, 1917), 
St Clair Co (C K. Dodge, 1904); Ionia Co. (C. F. Wheeler, 
1876); Missaukee Co (A. L Entncan, 1915); Grand Traverse 
Co. (Irish, 1892), Crawford Co. (G. H Hicks, 1888), Osooda 
Co (H. T. Darlington, 1918), Cheboygan Co. (C A Kofbid, 
1890); Chippewa Co. (C K Dodge, 1914), Alger Co. (J. G 
Coulter, 1892), Marquette Co. (B Barlow, 1901), Gogebic Co. 
(H. T. Darlington, 1919), Keweenaw Co. (Lewis Foote, 1865), 
Isle Royale (A E. Foote, 1868) 
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Reported from Macomb Co (W. J Beal), Huron Co, 
Tuscola Co, Bay Co to Mackinac Co along coast (C E 
Dodge), Osceola Co (M A C identification), Manistee Co. 
(F P Daniels, 1902), Emmet Co. (Fallass & Swift), N 
Manitou Island (E N Transeau), Beaver Island (H. T Dar¬ 
lington), Schoolcraft Co (C K Dodge) 


3 Chamaedaphne Moench 
(Greek, ‘ground Daphne’) 

Chamaedaphne calyculata (L) Moench (‘with small cups’) 
Leather Leaf, Cassandra. 

Shrub zone of bop m all parts of the state 
Specimens examined —Lenawee Co. (W J Beal, 1868), 
Washtenaw Co (C D La Rue, 1915), Jackson Co (S H & 
D. R Camp, 1898), Calhoun Co (W J. Beal, 1898), Kalama¬ 
zoo Co (Walbridge, 1877), Van Buren Co (H S. Pcpoon, 
1905), Ingham Co (L. J Cole, 1895); Oakland Co (A Semer, 
1873), St Clair Co (C K Dodge, 1896), Gratiot Co (1892), 
Muskegon Co (W. J Beal, 1898), Newaygo Co (H T Darling¬ 
ton, 1916); Mason Co (R. W Chaney, 1910), Arenac Co 
(C. F. Wheeler, 1900), Missaukee Co (E A Bessey, 1916), 
Crawford Co (G. H Hicks, 1888), Alcona Co (Bessey & 
Darlington, 1918), Cheboygan Co (J H Ehlers, 1917), Mar¬ 
quette Co. (B Barlow, 1901), Gogebic Co. (H T Darlington, 
1919), Isle Royale (A E Foote, 1868). 

Reported from Cass Co (H S Pepoon), St Joseph Co 
(F. P Daniels); Kent Co. (E J Cole); Tuscola Co (C K 
Dodge), Huron Co (C A. Davis), Bay Cd. to Mackinac Co 
along coast (C. K. Dodge), Manistee Co (F P Daniels), 
Benzie Co (W. G. Waterman), Leelanau Co. (S M Coulter), 
N. Manitou Island (E N Transeau); Charlevoix Co (E A 
Bessey), Emmet Co. (Fallass & Swift), Beaver Island (H T 
Darlington); Chippewa Co., Sohooloraft Co. (C K. Dodge), 
Diokinson Go (G H Coons), Ontonagon Co (H T Darling¬ 
ton). 
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4 Andbomeda L 

(Named for Andromeda of mythology) 

Andromeda poltfoha L ('smooth-leaved') 

Andromeda glaucophyUa Link 
Bog Rosemary; Moorwort 
All over the state m the shrub zone of bogs 
Specimens examined —Bemen Co (Dodge & Darlington, 
1917), Van Buren Co. (H S Pepoon, 1906), Calhoun Co 
(W J Beal, 1898), Washtenaw Co (V M Spalding, 1880), 
Oakland Co. (C. Billington, 1914), Ingham Co (W J Beat, 
1870), Ionia Co. (C F Wheeler, 1887), Genesee Co (D 
Clark), St Clair Co (C K Dodge, 1904), Mason Co, (R W 
Chaney, 1910), Missaukee Co. (H T Darlington, 1916), 
Crawford Co (G H Hicks, 1888), Oscoda Co (H T Darling¬ 
ton, 1918), Alpena Co (Bessey & Darlington, 1918), Antrim 
Co. (collector unknown), Cheboygan Co. (J H. Ehlers, 1916), 
Emmet Co (J H Ehlers, 1921), Chippewa Co. (C K Dodge, 
1914), Marquette Co (B Barlow, 1901), Dickinson Co (C A. 
Davis, 1905), Baraga Co. (S. R. Bailey, 1893), Gogebic Co 
(H T Darlington, 1919), Keweenaw Co (O A Farwell, 1886), 
Isle Royale (University party, 1868) 

Reported from Cass Co (H S Pepoon), Eaton Co. (H L 
Clark), Kent Co. (Emma J Cole), Huron Co., Tuscola Co., 
Bay Co. to Mackinac Co. along coast (C. K. Dodge); Benzie 
Co. (W G Waterman), N. Manitou Island (E. N Transeau), 
Beaver Island (H. T. Darlington), Schoolcraft Co. (C. K. 
Dodge). 

5. Abbenococcus Small 

Araenococcus ligustnnus (L) Small (‘like the privet') 

Xoltma hgustnna (L.) Britton. 

Lyonia hgustnna (L.) DC. 

Privet Andromeda, Male Berry. 

Through the Atlantic region, rare in Michigan. 

Specimen examined. — Newaygo Co (H. T. Darlington) 
Reported from Keweenaw Co. (Dr. Robbins). 
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6 Epiqaea L. 

(Greek, ‘on the earth’) 

Eptgaea repent L. (creeping) 

Trailing Arbutus, Mayflower; Ground Laurel. 

Dry forests, dunes and bogs, particularly northward 
Specimens examined —Washtenaw Co (B A Walpole, 
1918), Oakland Co. (C Bilhngton, 1919), Ingham Co (1871), 
Allegan Co (L A. Kenoyer, 1923); St Clair Co (C Ferraud, 
1866), Muskegon Co (C Bilhngton, 1915), Isabella Co (C A 
Davis, 1894), Mason Co (Miss G Rogers), Grand Traverse 
Co (C. F. Wheeler, 1898), Crawford Co (G H. Hicks, 1888), 
Oscoda Co (1888), Alpena Co (Bessey & Darlington, 1918), 
Emmet Co (F C Gates, 1917), Cheboygan Co (C Bilhngton, 
1914), Alger Co (C F. Wheeler, 1900), Marquette Co (B 
Barlow, 1901), Gogebic Co (E A Bessey, 1919), Ontonagon 
Co (A E Foote, 1868); Keweenaw Co (O A Farwcll, 1887) 
Reported from Berrien Co. (H. S Pepoon), Jackson Co 
(W C. Hull); Kent Co. (Emma J Cole), Huron Co (C A 
Davis), Chanty Islands (Chas McDonald), Tuscola Co, Bay 
Co to * Mackinac Co along coast, Mackinac Island (C K 
Dodge), Mecosta Co (C W Fallass), Manistee Co (F P 
Darnels); Emmet Co (C E Barr), Chippewa Co, Schoolcraft 
Co (C K Dodge) 


7. GaultiIeria Kahn 
(Named for Dr Gaultier of Quebec) 

Gaulihena procumbent L (‘prostrate’) 

Spring, Creeping or Spicy Wintergreen, • 

Bogs and dry woods, all over the state. 

Specimens examined —Berrien Co (O E Lansing, Jr, 
1911); Cass Co. (H. S Pepoon, 1905), Brandi Co (1869), 
Monroe Co (C. D La Rue, 1914), Wayne Co (Lewis Foote, 
1870); Washtenaw Co (B. A. Walpole, 1918), Jackson Co 
(Miss Bennett), Calhoun Co. (W. J. Beal, 1898), Allegan Co. 
(L. A. Kenoyer, 1923);, Ingham Co (F L Sleeper, 1868); 
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Oakland Co (B. F. Chandler, 1916), St. Clair Co. (C K. 
Dodge, 1892), Kent Co (H. M Bailey, 1891), Ottawa Co 
(L. J. Cole, 1896), Muskegon Co (W. J Beal, 1898); Mont¬ 
calm Co (C. F. Wheeler, 1900), Gratiot Co. (C. A. Davis, 
1889, Arenac Co. (C. F Wheeler, 1900); Mason Co. (R. W 
Chaney, 1910); Roscommon Co (E A. Bessey, 1916); Leelanau 
Co (Anna King, 1920), Cheboygan Co (J H Ehlers, 1916), 
Emmet Co (C F Wheeler, 1890); Alger Co (C F. Wheeler, 
1900), Marquette Co (B. Barlow, 1901), Gogebic Co (H T 
Darlington, 1919), Isle Royale (J. H Ely, 1892) 

Reported from Van Buren Co (H S Pepoon), St. Joseph 
Co (F. P Darnels), Huron Co., Chanty Islands, Tuscola Co, 
Bay Co. to Mackinac Co. along coast (C K Dodge); Manistee 
Co (L. H Harvey), Benzie Co (W G Waterman), N Mam- 
tou Island (S. M Coulter), Charlevoix Co (E. A Bessey), 
Beaver Island (H T Darlington), Chippewa Co, Schoolcraft 
Co (C. K Dodge), Dickinson Co (G H Coons), Ontonagon 
Co. (H. T Darlington) 

8 Uva-ubsi Mill. 

(Latin ‘bearbcrry’) 

Uva-ursi uva-ursi (L) Bntton. 

Arctostaphylos uva-ursi (L) Spreng 
Red Bearberry 

All over state, especially *nortliward, on sand dunes and 
rook shores 

Specimens examined. — Jackson Co (S H & D. R. Camp, 
1893); Ingham Co. (1876), St Clair Co (C. K. Dodge, 1892); 
Shiawassee Co. (D Clark, 1877), Ottawa Co (L J Cole, 1896); 
Muskegon Co. (C. D. McLouth, 1901), Huron Co. (C A. 
Davis, 1896), Mason Co. (Mrs O. C. Nurnberg, 1915); Ros¬ 
common Co. (Cannon, 1844), Iosco Co (Beal & Wheeler, 1888); 
Crawford Co. (C. F. Wheeler, 1898); Benzie Co. (1888), Leela¬ 
nau Co. (Pearl MoCoy, 1917); Charlevoix Co. (1881); Emmet 
Co. (C F. Wheeler, 1879), Cheboygan Co. (C. Billington, 
1914), Mackinac Island (C F. Millypaugh, 1898), Mackinac 
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Co (J H Ehlers, 1920), Alger Co (J G Coulter, 1892), 
Marquette Co (C F Wheeler, 1892), Gogebic Co (C A 
Davis, 1905), Keweenaw Co (O A Farwell, 1888), Isle Royalo 
(A E Foote, 1808) 

Reported from Allegan Co (E A Bessey), Oakland Co 
(J W Stacey), Kent Co (Emma J Cole), Newaygo Co 
(E A Bessey), Bay Co (E A Bessey), Chanty Islands, 
Tuscola Co , Arenac to Mackinac Co (C K Dodge), Manistee 
Co (F P Darnels), N. Mamtou Island, Beaver Island (H C 
Cowles), Chippewa Co, Schoolcraft Co (C K Dodge), 
Dickinson Co (G H Coons) 

9 Calmjna Sahsb 

(from Greek, ‘sweep/ the twigs t>cmg used for brooms) 

Calluna vulgaris (L) Salisb (‘common 1 ) 

Heather, Ling. 

Reported from Marquette Co as a naturalized plant, 
probably introduced from Scotland (Collected by Mary B 
Snyder, 1920-1, identified by Bessey & Darlington) 


IV VACCIN1ACEAE (Hlcklkbkhry Family) 


Ovary 10-locular, leaves with resinous dots beneath 
Ovary 4-5-looular 
Corolla not deeply cleft 
Corolla open bell-shaped 
Corolla 4-lobed, leaves small, evergreen 
Corolla 5-lobed, leaves large, deciduous 
Corolla cylindnc or urn-shaped 
Erect shrubs 
Low trailing shrub 

Corolla deeply 4-cleft, reflexed ^ 

1 Gaylussacia H B. K 


Gaylussacia 


2 V vLin-itlatu 

3 Polycodtum 

4 Vacomtum 

5 Chiogenes 

6 Oxycoccus 


(Named for the chemist, Gay-Lussac) 


1 Gaylussacia baccata (Wang) K. Koch (‘with berries’) 
Huckleberry. 

Over state, w dry or sandy forests, less frequent in the 
Upper Peninsula 



184 


L A Kenoyer 

Specimens examined — Cass Co (C F Wheeler, 1890), 
St Joseph Co , Kalamazoo Co (A B Burgess, 1903), Calhoun 
Co (W J Beal, 1898), Jackson Co (G II Hicks, 1893), 
Washtenaw Co (E C Allmeudingei), Wayne Co (Lewis 
Foote, 1870), Oakland Co (C Billington, 1916), Livingston 
Co (J H Ehlers, 1920), Ingham Co (1872), Allegan Co 
H M Bailey, 1891), St Clair Co (C K Dodge, 1886), 
Montcalm Co (C F Wheeler, 1900), Muskegon Co (W J 
Beal, 1898), Newaygo Co (H T Darlington, 1916), Huron 
Co. (C K. Dodge, 1909), Mason Co (R W Chaney, 1910), 
Arenac Co (C F Wheeler, 1900), Iosco Co (H T Darlington, 
1918), Crawford Co (1888), Alpena Co (Bessey & Darlington, 
1918), Cheboygan Co (C K Dodge, 1913), Marquette Co 
(A Dachnowski, 1906), Alger Co (J G Coulter, 1892) 

Reported from Bernen Co , Van Buren Co (H S. Pepoon), 
St Joseph Co (F P Darnels), Lenawee Co (Frances Stearns), 
Kent Co (C W Fallass), Tuscola Co (C A Davis), Charity 
Islands, Bay Co to Mackinac Co along coast (C K Dodge), 
Manistee Co (F P Daniels), Benzie Co (W. G Waterman), 
Emmet Co (Fallass & Swift), Chippewa Co, Schoolcraft Co 
(C K Dodge) 

2 Vitis-idaea (Tourn) Hill 
(Latin, 'grape of Mount Ida’) 

Vitis-idaea vUis-idaea (L) Britton 
Vaccmvum vitis-xdaea L 
Cowberry, Mountain Cranberry 

Specimen examined — Isle Royale (A E Foote, 1868) 
Later collectors in Isle Royale have not reported this interesting 
Arctic species 

3 Polycodium Raf 
(Greek, 'many bells’) 

Polycodium stamineum (L) Greene (‘with threads/ probably in 
allusion to the slender pedicels) 

Vaccimum stamineum L 
Deerberry, Squaw Huckleberry. 
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Specimen examined —Washtenaw Co (W Bradfield, 1903, 
“Ann Arbor/’ reported from same county by V A Davis) 


4 Vaocinium L 


(Latin name) 

Flowers solitary or 2—1 together on dropping pedicels 
Flowers mostly 4-men ms 
Flowers mostly 5-inerous 
Leaves obovate or (uneate 
Leaves oval or oblong 
Leaves Herrulnle, green 
Leaves entire, pale beneath 
Flowers racemed 
Fruit blue, with a bloom 

Tall shrubH of marshes, leaves large 
Low shrulis, haves small 
Leaves oblong-lanceolate, green 
Leaves entire, densely hairy 


Leaves obovate, pale beneath 
Pruit black, without a bloom 
Low shrub, leaves glaucous taneath 
Tall shrub, leaves green 


1 

\ 
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2 

l 
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l 

membranaceum 
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so 
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1 

angustifohum 
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T 

vaeiUaiui 
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10 

V 

atrococcum 


1 Vttcctmim uhginosum L (‘of damp places’) 

Bog Bilberry, Bog Whortleberry 
Rock shores, and especially around rock pools An Arctic 
species, found only locally m the northern part of the 
state Not examined by the writer 
Reported from Emmet Co (C E Barr, 1908), Chippewa 
Co (Henry Bilhnan), Isle Royale (W S Cooper, Henry 
Billman). 

2 Vaccimum caesjniosum Michx ('of the turf’) 

Dwarf Bilberry. 

An Arctic species, not examined by the writer* 

Reported from Ionia Co (U, & P in Beal’s catalog), 
Northern Michigan (Gray’s Manual) 
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3 Vaccmtum rnembranaceum Dougl (‘ membrane-like ’) 

Thin-leavod Bilberry 
Rich woods, in Upper Peninsula only 
Specimens examined — Chippewa Co (C K Dodge, 1914), 
Alger Co (C K Dodge, 1916), Marquette Co (A Daohnowski, 
1906), Keweenaw Co (Mary H Clark, 1871) 

Reported from Schoolcraft Co (C K Dodge) 

4 Vaccimum ovahfohurn J E Smith (‘oval-leaved’) 

Tall or Oval-leaved Bilberry 
Rich woods, in Upper Peninsula only 
Specimen examined — Chippewa Co (C K Dodge, 1917) 
Reported from Schoolcraft Co (C K Dodge, 1916, “rich 
shaded ground, abundant” in both counties) 

5 Vaccimum corymbosum L (‘flowers in corymbs’) 

High-bush or Tall Blueberry 
Swamps and bogs, mostly restricted to the Lower 
Pemnsula 

Specimens examined —Berrten Co (G L Ames, 1868), 
Cass Co (F. C. Gates, 1906), St Joseph Co (A B Burgess, 
1903), Van Buren Co (H S Pepoon, 1906), Kalamazoo Co 
(F H Tuthill, 1874), Calhoun Co (W. J Beal, 1898), Wash¬ 
tenaw Co (M W Harrington, 1870), Ingham Co (C F 
Wheeler, 1893), Oakland Co (C. Billmgton, 1915), St Chur 
Co (C K Dodge, 1892), Gratiot Co (C A Davis, 1891), 
Montcalm Co (C F Wheeler, 1900), Newaygo Co (H. T 
Darlington, 1916) 

Reported from Wayne Co (O A Farwell), Kent Co 
(Emma J Cole), Huron Co, Tuscola Co (C A Davis), Bay 
Co to Mackinac Co along coast (C K Dodge), Manistee 
Co (F. P. Daniels), Bensie Co (W G Waterman), Emmet 
Co (Fallass & Swift), Keweenaw Co. (O A Farwell) 

6 Vaccimum canademe Kalm (‘of Canada’) 

Canada Blueberry 

Bogs, dunes and dry forests all over the state. 
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Specimens examined — St Joseph Co (C F Wheeler, 1890), 
Calhoun Co (W J Beal, 1898), Jackson Co (C F Wheeler, 
1892), Ingham Co (1871), St Clair Co (C K Dodge, 1904), 
Muskegon Co (0 D McLouth, 1901), Arenac Co (C K 
Dodge, 1912), loseo C'o (Beal & Wheeler, 1888), Crawford Co 
(1888), Alpena Co (C F Wheeler, 1895), Charlevoix Co 
(E A Bessey, 1912), Cheboygan Co (J H Ehlers, 1918), 
Emmet Co (C F Wheeler, 1890), Mackinac Island (C F. 
Millspaugh, 1898), Chippewa C'o (C K Dodge, 1914), School¬ 
craft Co (C K Dodge, 1915), Alger Co (C F Wheeler, 1900), 
Marquette Co (B Barlow, 1901), Gogebic Co (H T Darling¬ 
ton, 1919), Keweenaw Co (O A Farwell, 1880), Isle Royalc 
(A E Foote, 1868) 

Reported from Magician Lake district (H S Pepoon), 
Oakland Co (J W Stacey), Kent Co (Emma J Cole), Bay 
Co to Mackinac Co along coast (C K Dodge), Manistee C'o 
(F P Daniels), N Mamtou Island (E N Transcau), Beaver 
Island (H T Darlington) 

7 Vaccimum angustifolmm Ait (‘narrow-leaved’) 

Vaccinium pennsylvanicum Lam 
Low Sweet Blueberry 

All over the state, mostly in dry sandy soil A 
pubescent form is noted from Cass, St Joseph, 
Ingham, St Clair and Ontonagon counties This 
seems to grade into the regular form 

Specimens examined — Berrien Co (G L Ames, 1867), 
Cass Co (C F Wheeler, 1890), St Joseph Co (C F Wheeler, 
1890), Washtenaw Co (M W Harrington, 1868), Wayne Co 
(C Billington, 1915), Oakland Co (C Bilhngton, 1914), 
Ingham Co (W J Beal, 1899), Eaton Co (L J Cole, 1895), 
Kent Co (L J Colo, 1895), St Clair Co (C K Dodge, 1892), 
Gratiot Co (C A. Davis, 1890), Muskegon Co (W J Beal, 
1898), Lake Co (W J Beal, 1860), Mason Co. (R W 
Chaney, 1910), Iosco Co (Beal & Wheeler, 1888), Alcona Co. 
(H T Darlington, 1918), Crawford Co (1888), Grand Traverse 
Co (C. F. Wheeler, 1898), Alpena Co (C F Wheeler, 1895), 
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Cheboygan Co (J H Elders, 1918), Emmet Co (J H Ehlers, 
1918), Chippewa Co (0 K Dodge, 1914), Schoolcraft Co 
(C K Dodge, 1915), Delta Co (C F Wheeler, 1892), Alger 
Co (J G Coulter, 1892), Marquette Co (B Barlow, 1901), 
Gogebic Co (H T Darlington, 1919), Ontonagon Co (H T 
Darlington, 1922), Keweenaw Co (O A Farwell, 1887), Isle 
Royale (A E Foote, 1808) 

Reported from Allegan C'o (F A Loew), Ionia Co (H T 
Darlington), Huron Co (C A Davis), Chanty Islands (C K 
Dodge), Tuscola Co (C A Davis), Bay Co to Mackinac Co, 
Mackinac Island (C K Dodge, “common,” especially in Arenac 
and Iosco counties), Manistee Co (F P Daniels), Benzie Co 
(W G Waterman), Beaver Island (H T Darlington), Dickin¬ 
son Co (G H Coons) 

8 Vaecmium median* Kalm (‘swaying to and fro’) 

Low Blueberry 

Dry woods, restricted to the Lower Peninsula and most 
abundant in its southern portion 
Specimens examined —Bornen Co (G L Ames, 1867), 
Cass C’o (C F Wheeler, 1890), Jackson Co (C F W r heeler, 
1892), Washtenaw C’o (A J Pieters, 1893), Wayne Co 
(C Billington, 1915), Livingston Co (Wheeler & Longyear, 
1898) 

Reported from Van Buren Co (L H Bailey), Kent Co. 
(Emma J Cole), Gratiot Co (C A Davis), Huron Co (C A 
Davis), Benzie Co (W G Waterman), Emmet Co (C W. 
Fallass), Cheboygan Co (F C Gates) 

9 Vacctnwm nigrum (Wood) Britton (‘black’) 

Vaecimum penmylvanicum nigrum Wood 
Low Black Blueberry 
Sandy ground, especially northwaid 
Specimens examined. — Huron Co (C K Dodge, 1908), 
Iosco Co (C K. Dodge, 1912), Cheboygan Co. (C K. Dodge, 
1912), Chippewa Co. (C K Dodge, 1914), Marquette Co. 
(C F Wheeler, 1892), Ontonagon Co (H T Darlington, 1922); 
Gogebic Co (H T Darlington, 1919). 
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Reported from Calhoun Co (C K Barr), Tuscola Co 
(C K Dodge), Bay (Jo to Mackmac Co along coast (C K 
Dodge, “very abundant”), Osceola Co (G F Wheeler), 
Emmet Co (C K Barr), Schoolcraft Co (C K Dodge), 
Keweenaw Co (O A Farwell) 

10 Vaccmmm atrococcum (A Gray) Hellei ('with dark hemes') 
Black High Bluebelly 
Bogs, mainly in the southern portion 
Specimens examined —Cass Co (C F Wheeler, 1890, re¬ 
ported by H S Popoon as about 2 per cent as plentiful as V 
corymbosum ), Van Buren Co (H S Pepoon, 1906), Eaton Co 
(H T Darlington, 1916), Oakland Co (B A Walpole, 1918), 
St Clair Co (C K Dodge, 1904), Montcalm Co (C F. 
Wheeler, 1900), Alger Co (C K Dodge, 1916) 

Reported from Kent Co (Emma J Cole), Keweenaw Co 
(O A Farwell) 


5 Chiooenes Salisb 
(Greek, 'snow-born') 

Chiogenes hispidula (L) T. & G ('with fine bristles') 

Creeping Snowberry, Moxie Plum 
Bogs, especially in the noi them portion Not reported 
from the two southern tiers of counties 
Specimens examined — Oakland Co (B A Walpole, 1918), 
St Clair Co (1838), Iowa Co (C F Wheeler, 1890), Mason 
Co (R W Chaney, 1910), Alcona Co (1888), Crawford Co 
(G H Hicks), Otsego Co (E A Bessey, 1912), Cheboygan 
Co (C Bilhngton, 1914), Mackmac Co (C K Dodge, 1912), 
Alger Co (J G* Coulter, 1892), Marquette Co (B Barlow, 
1901), Gogebic Co (H T. Darlington, 1919), Keweenaw Co 
(O A Farwell, 1886) 

Reported from Kent Co (Emma J Cole), Montcalm Co 
(W. J Beal), Gratiot Co, Tuscola Co, Roscommon Co 
(C A. Davis), shores of Lake Huron, counties unspecified 
(C K Dodge), North Mamtou Island (E N Transeau), 
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Emmet Co (Fallass & Swift), Beaver Island (H T Darling¬ 
ton) , Chippewa Co , Schoolcraft Co (C K Dodge), Ontonagon 
Go (H T Darlington), Isle Royale (W S Cooper) 

6 Ox^coccus (Tourn ) Hill 
(Creek, ‘sour berry’) 

Leaves ovate, acute, pedicels terminal, bearing two rotated bracts near the 
middle 1 O oxycoccus 

Leaves oval-oblong, obtum, pedicels lateral, bearing two leaf-like bracts 
near the tip 2 O macrocarpus 

1 Oxycoccua oxycoccua (L ) MaeM 
Vaccinium oxycoccus L 
Small or European Cranberry 
Bogs, all over the state 

Specimens examined — St Joseph Co (C F Wheeler, 
1890), Washtenaw Co (H M Bailey), Oakland Co (B F 
Chandler, 1916), Ingham Co (C A Davis, 1892); Kent Co 
(L J Cole, 1896), Gratiot Co (C A Davis, 1895), Tuscola 
Co (C K Dodge, 1910), Benzie Co (1888), Alcona Co 
(Bessey & Darlington, 1918), Alpena Co (Bessey & Darlington, 
1918), Cheboygan Co (J H Ehlers, 1917), Emmet Co. (Una 
M Hathaway, 1890), Mackinac Co (C K Dodge, 1915), 
Chippewa Co (Lewis Foote, 1867), Marquette Co (Lewis 
Foote, 1863), Baraga Co (S R Bailey, 1893), Gogebic Co 
(H. T Darlington, 1919), Isle Royale (A E Foote, 1868) 
Reported from Ionia Co (C A Davis), Bay Co to Macki¬ 
nac Co along coast (C K Dodge), N Mamtou Island (E N. 
Transeau), Schoolcraft Co (C K Dodge), Dickinson Co. 
(G H. Coons) 

2. Oxycoccua macrocarpus (Ait) Pursh ('large-fruited’) 
Vaccinium macrocarpon (Ait) 

Bogs, all over the state 

Specimens examined —Berrien Co (Dodge & Darlington, 
1917), Cass Co (H S Pepoon, 1906), Van Buren Co (H S 
Pepoon, 1916), Washtenaw Co. (M. W. Harrington, 1870); 
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Ingham Co (1872), Oakland Co (C Billington, 1916), Ma¬ 
comb Co (B F Chandler, 1916), St Clair Co (C K Dodge, 
1893), Gratiot Co (C A Davis, 1895), Chanty Islands (C K 
Dodge, 1910), Arenac Co (C F Wheeler, 1900), Mason Co 
(R W Chaney, 1910), Grand Traverse Co (D C Leach), 
Alpena Co (Bessey & Darlington, 1918), Cheboygan Co (J H 
Ehlers, 1917), Emmet Co (J H Ehlcrs, 1916), Chippewa Co 
(Lewis Foote, 1867), Schoolcraft Co (C K Dodge, 1915), Alger 
Co (G H Hicks, 1888), Marquette Co (B Barlow, 1901), 
Menominee Co (J II Schuette, 1891), Gogebic Co (H T 
Darlington, 1919), Keweenaw Co (O A Farwell, 1887) 

Reported from Calhoun Co (C E Barr), Kent Co 
(Mary J Fallass), Muskegon Co (C D McLouth), Tuscola 
Co , Huron Co (C A Davis), Bay Co to Mackinac Co along 
coast (C K Dodge), Manistee Co (F P Darnels), Benzie Co 
(W G Waterman), N Manitou Island (S M Coulter), Beaver 
Island (H T Darlington), Dickinson Co (G H Coons), Isle 
Royale (W S Cooper) 

Western State Normal School 
Kalamazoo, Michigan 




NOTES ON THE FAILURE OF THE 
SEED CROP OF HEVEA BRASJL1ENSIS 
ON THE EAST COAST OF SUMATRA * 

CAUL D La HUE 


It has for some time been a matter of common knowledge to 
rubber growers m Sumatra that the Paia rubbei trees on the 
East Coast of Sumatra do not produce fruit so abundantly as 
those in other near-by regions, such as the Federated Malay 
States and Java In general the doaith of seeds is not an evil, 
but is rather a benefit to the rubber producer, since at present 
there is no market for the seeds and their production inevitably 
makes large demands on the food resources of the tree In some 
localities where largo crops of seeds are produced, planteis have 
considered the possibility of stripping the trees of the young 
fruits to pi event this loss of food By such persons trees which 
regularly set only a small nutnbei of fruits would Lie considered 
very desirable 

To the plant breeder engaged in selection of the rubbei tree, 
however, the failure of seed crops is a more serious matter It 
is extremely discouraging to find that many trees which produce 
high yields of rubber bear few seeds, or none, and it is exasper¬ 
ating, to say the least, to find that pollinations made in the 
hottest part of the day, and from the top of a ladder, result in 
the setting of no seeds whatever After encountering such 
obstacles to progress in selection and hybridization, the author 
began to make such inquiries into the cause of the failure of 

* The work reported in this paper was done in 1919 on the plantations 
of the Hollandsch-Amenkaanscho Plantagc Maatschappij, Kwaran, Asahan, 
Sumatra This paper u published with the approval of the U 8 Rubber 
Plantations, Inc., of New York 
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the seed crop as he could, although the pressure of other work 
prevented any continuous or extensive investigation The data 
gained in this unfinished study are given here in the hope that 
they may be of value to other workers on this interesting tree 
In Ootolier, 1919, when he visited Java, the author first had 
an opportunity to contrast seed production of Hevea in Sumatra 
with that m parts of Java In the latter regions a number of 
fruits are usually borne on each peduncle, so that the cluster of 
fruits bears a rough resemblance to a bunch of grapes On 
Pasir Wanngtn Estate in Banta m West Java as many as fifteen 
fruits have been seen on a single peduncle In Sumatra the 
inflorescences commonly set only a few fruits, one or two being 
the usual number, while more than foui fruits on a single 
peduncle are very rarely found Each fruit normally contains 
three seeds, 1 so that the number of seeds resulting from any 
inflorescence is small, while the majority of the inflorescences 
produce no seeds at all 


ABNORMAL ABSCISSION OF FLOWERS AND FRUITS 

The flowers of Hevea are monoecious, aa has been reported by 
Maas 3 The stammate flowers are produced in large numbers, 
while the pistillate ones are comparatively few m each inflores¬ 
cence By field observations the author found that in Sumatra 
the larger number of the stammate flowers often fall before 
anthesia The percentage of female flowers which fall before 
fertilization is much smaller, but many more fall immediately 
following the flowering It is possible that these latter may fall 
because they were not fertilized, but this seems unlikely, since 
an abundance of good pollen is produced by uninfected stammate 
flowers 

The young fruits grow rapidly, but a large percentage drop 
from the trees during the first six weeks of their development. 

1 La Hue, Carl D Variation in Fruits and Seeds of Hevea * Verslag 
van de aehiste bijeenkomst mn het techmsch personed der proefsUtiwns, etc. 
Medan, Deli Sumatra, 1919 

* Maas, J. G J A De bloembidoQie van Hevea braediensts Archwf 
voor de HiibbercuUwur, 3 288-307 1919 
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As they become larger, fewer of them fall, but there is a con¬ 
tinuous, though decreasing, loss until the fruits are mature 
When fruits which have recently fallen are examined, they 
are generally found to be quite firm and green without dis¬ 
coloration The pedicels, however, which usually fall with the 
fruit, are frequently discolored and somewhat withered, especially 
near the point of abscission Fruits which have been lying on 
the ground for a short time show dark, rotten spots, which 
usually bear masses of the pink spores of Gloeosponum alboru- 
brum Petch Later these fruits become rotten throughout, and 
are almost completely covered with Gloeosponum spores 


ATTEMPTS TO ISOLATE THE CAUSAL ORGANISM 

Studies made by La Rue and Bartlett * previous to this 
investigation indicated that the organism which caused an ab¬ 
normal leaf-fall of Hevea on the East Coast of Sumatra was 
also capable of causing an abscission of young fruits The field 
observations noted above, which were made over considerable 
areas for a period of more than a year, increased the suspicion 
that Gloeosponum alborubrum was the pnncipal cause of the 
abnormal falling of unopened flowem and of young fruits 
Experiments were now made to determine the truth or falsity of 
this suspicion 

Experiment I — On March 24, 1919, very young fruits which 
had fallen from the trees were carefully washed with Hg Cl 1/500, 
rinsed in sterile water, and put into sterile tubes of Hevea 
agar 4 Withm two weeks all of the twelve tubes containing the 
fruits had developed Gloeosponum alborubrum. All contained 
masses of the pink spores of the fungus. (In all of the cultures 
made m this investigation the presence of the spores was the 
only criterion used for the determination of the presence of 
Gloeosponum. In some cultures a mycelium like that of Gloeo- 

1 La Rue, Carl D and Bartlett, H H A Disease of Hevea 

bnutltenne MueU -Arg due to Gloeosponum alborubrum Petch Papers of the 
Michigan Academy of Science, Arts and Letters, 2 IB-90 1922 

< La Rue, Carl D and Bartlett, H Ii, Loc cU 
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sporium appeared, but where no spores developed this was 
considered the mycelium of an “undetermined fungus ”) 

Experiment II — A number of inflorescences were collected 
on April 19 Material from these was sterilized as in Experi¬ 
ment I and put into tubes of Hevea agar as follows 

Female flowers, some opened, some not yet 
opened 12 tubes 

Peduncles of inflorescences from which some 
flowers had fallen 12 tubeB 

Pedicels of male flowers 12 'tubes 

All of these cultures developed Gloeosponum alborubrum un- 
contaminated by any othei fungus or by bacteria 

Experiment III — On May 6, 1919, young fruits which had 
fallen from the trees were collected, and those which were still 
gieen and unrotted were separated from their peduncles, treated 
as in Experiment I, and put mto sterile tubes of Hevea agar 
A number of green, apparently healthy, fruits were plucked, 
and the pedicels were removed from these, sterilized and put into 
agar tubes Several of the fruits which had fallen to the ground 
were sterilized, rinsed and put into moist chambers The whole 
number of cultures was 


Tubes containing fallen fruits 24 

Tubes containing pedicels of fallen fruits 24 

Tubes containing pedicels of plucked fruits 12 

Moist chambers containing fallen fruits 17 


Within three days sixteen of the twenty-four tubes contain¬ 
ing pedicels of fallen fruits produced Gloeosponum spores This 
set of tubes ultimately gave these results 

Gloeosponum alborubrum 15 tubes 

Gloeosponum alborubrum and unidentified fungi 4 tubes 
Undetermined fungi , 5 tubes 

The fallen fruit* m agar tubes with one exception gave rise 
to growths of fungi as shown below 
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Gheosponum alborubrum only 6 tubes 

G alborubrum and unidentified fungi 11 tubes 

Fveanum sp 3 tubes 

Ihplodia racaoicola 1 tube 

Unidentified fungi 2 tubes 

Sterile 1 tube 


The tubes containing pedicels of plucked, apparently healthy 
fruits showed the following developments 

Gloeosporium alborubrum 1 tube 

G alborubrum and an undetermined fungus with 
a dark mycelium 4 tulies 

Undetermined fungus with a dark mycelium 7 tubes 

All of the fallen fruits in moist chambers, seventeen in all, 
developed Gloeoeponum alborubrum Most of them also showed 
bacteria and other fungi 

Experiment IV — On May 8, 1919, fallen fruits weie col¬ 
lected, sterilized aH in the other experiments, and put into tulies 
with Hevea agar as follows 


Fallen fruits 
Pedicels of fallen fruits 

These cultures resulted thus 

Cultures of fallen fruits 

Gloeoeponum alborubrum 
G alborubrum and Diplodia cacaoicola 
Ihplodia eacamcola 
Unidentified fungi 

Cultures of Pedicels * 

Gloeoeponum alborubrum 
G alborubrum and an unidentified fungus 
Diplodia cacaoicola and unidentified fungus 


12 tubes 
12 tubes 


7 tubes 

1 tube 

2 tubes 
2 tubes 

5 tubes 
5 tubes 
2 tubes 


From fruits which had fallen and from inflorescences appar¬ 
ently diseased 113 cultures were made Of these 75 contained 
Gloeosponum, alborubrum, 6 contained Diplodia cacaoicola, 3 con- 
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tamed Fusanum sp , 31 contained fungi of some three or four 
sorts which did not fruit, and 1 was sterile Of the unidentified 
fungi there were several cultures of what looked like Helmm- 
thosponum Heveae Petch Gloeosporium alborubrum was the only 
fungus which was isolated from any considerable number of the 
cultures, and consequently the idea that it might be the causal 
organism of the fruit-fall was strengthened to a considerable 
degree 

Of the thirty-six cultures made from apparently healthy 
material, twenty-nine contained Gloeosporium alborubrum, and 
eleven contained an undetermined fungus with a dark mycelium 
which was probably Helmmthosponum Heveae Though it is 
apparent that Gloeosporium was isolated from a larger per¬ 
centage of what was taken to be healthy material than from 
the diseased parts of the trees, this does not entirely vitiate the 
results of the former cultures La Rue and Bartlett found in 
their work on leaf-fall of Hevea already cited, that most of the 
trees over large areas contained the fungus m their tissues. It 
is not surprising, therefore, that it develops m cultures of appar¬ 
ently normal fruits, but under such conditions it is impossible 
to secure absolute proof that the abscission of fruits is due to 
this fungus The cultures serve to show that no other fungus 
is commonly present m diseased fruits, and that, if the disease 
is attributed to any organism, the blame must fall on Gloeo- 
sponum alborubrum 


INOCULATION TRIALS 

On May 6, 1919, healthy young fruits were plucked from the 
trees, sterilized, and put into sterile moist chambers Thirteen 
fruits were Vised of which six were kept as controls, and seven 
were inoculated by pnekmg them with a needle dipped in a 
suspension of spores from a pure culture of Gloeosporium alborn - 
brum . In six days five of the seven inoculated fruits had pro¬ 
duced extensive growths of this fungus with masses of spores 
On three of the controls there were slight growths of Gloeo- 
sponum on the pedicels. Ultimately all of the fruits, both 
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inoculated and uninoculated, produced Gloeoaponum, but the 
inoculated fruits developed the infection most rapidly and ex¬ 
tensively This result is identical with those obtained by La Hue 
and Bartlett with inoculations of twigs. There is no doubt that 
the fungus is capable of causing a destructive rot of the fruits, 
but, in the field, abscission of fruits usually occurs before this 
rot has developed It is worthy of note that m this region the 
outer, rather soft part of the wall of the ripening fruit is very 
frequently rotten and covered with a mass of Gloeosponum 
spores 

Further studies of this disease should be made on plants 
entirely free of Gloeosponum, and microscopical investigations 
of the pedicels should be made to determine the nature of the 
abscission The author made fixations of matenal for this 
purpose, but has been unable to section and study the matenal. 
Although it is probable that other factors play a part in the 
formation of a group of conditions unfavorable to fruit pro¬ 
duction, the author believes the evidence presented sufficient 
for ascribing, for the present at least, the major part of the 
injury to Gloeosponum, alborvbrum 

* 

CHARACTERISTICS OF THE FUNGUS 

The identity, cultural characteristics, etc., of Gloeosponum 
alborubrum Petch have been desenbed m some detail by La Hue 
and Bartlett m their work on the Gloeosponum leaf-fall disease 
As no further work of this kind was done m connection with this 
paper, discussion of details of the fungus would lead to repetition 

infection . 

Since both in this investigation and in that of the leaf-fall 
disease, it has been found that Gloeosponum is present in appar¬ 
ently normal tissue of the twigs, inflorescences, etc, it appears 
that the fungus may grow out from the twigs into the peduncles 
and to the pedicels. The abscission of the pedicels beanng 
flowers or fruits follows if conditions are favorable, just as an 
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abscission of young leaves may occur earlier in the season It 
is possible that some flowers of an inflorescence may be inocu¬ 
lated by insects, and that the infection may spread throughout 
the inflorescence, causing the abscission of other flowers and 
later of fruits It is unlikely that the ovaries, which fall after 
they have developed into young fruits, are inoculated by insects 
at the time of pollination, because it is the pedicel which first 
shows signs of injury This may bo much discolored when 
abscission takes place, while the fruit is generally quite green 
and without signs of injury at this time 


METHODS OF PREVENTION 

No promising method of prevention of the disease can be 
suggested at the present time It is only randy that the pro¬ 
duction of seeds becomes a matter of economic importance In 
selection work, where the seeds are most valuable, only a rela¬ 
tively small number of trees are concerned, and these are widely 
scattered If inflorescences are infected externally during devel¬ 
opment, this infection might be prevented by spraying with some 
fungicide * Spraying would, of course, be possible only in readily 
accessible areas, such as special seed gardens Where high- 
yielding trees arc scattered over a large estate, it would hardly 
be expedient to spray them in an attempt to increase the seed 
production 

The methods suggested for combating the leaf-fall disease, 
cultivation and fertilization to increase the vigor of the trees, 
may be of some value, but are less likely to be successful in the 
treatment of fruit-fall. The latter affection is by no means so 
strictly limited to areas in which the trees lack vigor as is the 
former While trees in poor condition, as evidenced by poor 
leaf color, die-back, and infection by Cephaleuros vtretcens* are 
generally affected, trees in very vigorous condition do not escape, 
and it is only in regions from which the leaf-fail disease due to 
Qloeosponum aiborubrum has not been reported that the trees 

1 La Rue, Carl D Two Unreported Paraeitee of Heeea bramhmne 
Pajwre of the Michigan Academy of Hemet, Arte and Lettere, 2. 89-71.1922. 
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bear a full crop of seeds Accordingly, so far as possible, experi¬ 
mental gardens for breeding work should be located in the latter 
areas 


SUMMARY AND CONCLUSIONS 

1 The Para rubber trees on the East Coast of Sumatra usually 
fail to bear as large crops of seeds as those in the Federated 
Malay States and in Java 

2. A light seed-crop may be an advantage, Bince it makes 
smaller demands on the trees, but in breeding work, the 
small number of seeds produced may be a serious obstacle 
to progress 

3 Cultural studies show Gloeosponum alborubrum Petch to be 

constantly associated with the phenomena of fruit- and 
flower-fall 

4 Conclusive inoculation tests have not been made, because 

Gloeosponum alborubrum exists in a dormant condition m 
many trees, and it is difficult to secure plants certainly 
free from it It has been shown, however, that this fungus 
may cause a rapid and destructive rot of young fruits 

5 The fungus appears to grow out from the twigs, where it is 

apparently dormant, into the inflorescences, causing ab¬ 
scission of flowers and later of fruits Primary infection 
of parts of the inflorescences may also occur 

6. Primary infection of inflorescences might be controlled by 
spraying, which would be feasible only in experimental 
gardens. Control of the invasion of the inflorescences by 
hyphae from the twig is undoubtedly more difficult Im¬ 
provement of the vigor of the trees by fertilization and 
cultivation might be effective in some pases, but not m all, 
since the disease occurs on trees in full vigor. Only those 
areas free from Gloeosponum leaf-fall disease produce full 
crops of seed. 

7 Experimental gardens for work in breeding the Para rubber 
tree should be located, if possible, m regions which are not 
subject to the Gloeosponum leaf-fail disease 

UmvaasiTT or Michigan 




OPTIMUM TEMPERATURES FOR GROWTH 
OF SOME GRASS COLEOPTILES 

F C NEWCOMBE 

In studying some phases of the hehotropic behavior of some 
plants, it became necessary to know the relation of growth to 
temperature Although Nybergh (1) claimed that the presen¬ 
tation time for geotropic response was not affected by the 
temperature at the time of stimulation, Miss de Vries’ work (2) 
shows that the presentation time for Avena saliva coleoptile 
shortens with increasing temperature up to about the optimum, 
above which the presentation time lengthens 

A search of botanical literature revealed determinations of 
optimum temperatures for the roots of several plants, and for 
several species of seedlings in which the growth of the whole 
seedling was measured A summary of some of this work may 
be found in Pfeffer’s Pftamenphysiologie But the optimum 
temperatures for the growth of the coleoptiles of grasses were 
not found in literature Incidentally to my study of heliotrop- 
ism, the approximate optimum temperatures for growth of the 
coleoptiles of ten species of grasses and of the bypocotyl of four 
species of dicotyledons were determined The summarized re¬ 
sults are to be found m the table accompanying this paper 

* 

METHODS 

Since the object of the study was to learn the growth rates 
of the coleoptile in different temperatures, the seedlings were 
raised in pots of garden earth, the pots being about 10 cm. in 
diameter. As is well known, the rate of growth of plants vanes 
for different members, for the same member at different ages, 
and for the same member m different environments Efforts to 
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measure the growth were, therefore, confined to the coleoptile, 
from the tunc when thm member appeared above ground to a 
tunc preceding the appearance of the first leaf This period, 
m the high temperatures used, was from twenty-four to forty- 
eight hours long A homogeneous, friable, garden earth was 
used, which was well mixed and passed through a sieve before 
planting the seed Anyone who has raised grass BcedhngB m 
earth knows how sensitive they are to differences of moisture 
m the soil Special attention had to be given constantly to 
maintaining an equable amount of water in the various pots of 
a senes 

The seed used was obtained from commercial seedsmen, and 
none of the grasses showed a high degree of germination, some 
samples from the most reputable finns gave no germination at 
all, notwithstanding that vanous approved methods, such as 
alternating warmer and colder temperature, were employed 
However, the alternating temperature method, as lately pub¬ 
lished by Harrington (3), was noticeably effective in promoting 
genmnation of Poa pratenm L and Dadylis glomerata L The 
seedlings began appearing above the soil in five to six days after 
planting, the grains had been buried to a uniform depth of 
about 5 mm , though the larger ones, like those of Sorghum and 
Phalans, were buned a little deeper 

The work on liehotropistn, which was to follow the present 
preliminary study, requiring that each pot of Beedhngs have a 
separate, opaque cover, the seedhngs here used were grown m 
the dark, and, before they had emerged from the ground, their 
containing pots were covered with small metal cylinders, closed 
at the upper ends, while the lower ends of the cylinders were 
pressed into a little earth filling the saucers m which the pots 
stood The seedhngs, therefore, were not only in the dark, 
but they were in a very moist atmosphere as well 

When the seedhngs were observed to be emerging from the 
ground, the containing pots with their covers were placed in the 
constant temperature incubators, there to assume the respective 
temperatures desired. Preceding tests had shown that, for the 
sise of pots used, about four hours were sufficient to bring the 
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preparations to the experimental temperatures. This prepara¬ 
tory penod before the first measurement was never less than 
four hours, and it was usually ten to twelve hours The tests 
were run in senes A senes consisted of one species of plant 
with one pot in each of the temperatures 24° C, 26°, 28°, 30°, 
32°, 34°, and 36° For special purposes, a few senes included 
fewer and a few senes more temperatures than those mentioned 
The penod for measured growth ranged from six to seventeen 
hours, but, for most of the senes, the penod was from eight to 
twelve hours. In the accompanying table, all growths have 
been reduced to the twelve-hour penod for ease in comparison 
For measuring the seedlings of one pot — usually 10 to 25 
seedlings — a period of one to three minutes was required An 
assistant recorded the measurements as the author called them 
off The seedlings were out of the incubators and out of their 
moist chambers while the measurements were made, but the 
one to three minutes taken could hardly have vitiated the result 
at the second measurement, seeing that the penod of growth 
between the two measurements was so long 

The measurements were made with naked eye, by the use of 
a white celluloid ruler graduated m millimeters This ruler, 
which was cut from a larger one, was 4 mm wide and 10 cm 
long To one end of the little ruler was cemented a flat plate 
of celluloid, 2J x 4 millimeters The broad surface of the little 
plate was perpendicular to the long axis of the ruler ThiB little 
instrument was used to tamp down gently the earth if it was 
uneven about the individual seedlings, and thus the accuracy 
of measurement was increased At first, no attempt was made 
to read to greater accuracy than to the millimeter marks After 
some practice, it was found easily possible to read to the half 
millimeter. With the cemented foot of the ruler resting on the 
ground, the height of the tip of each seedling was called off by 
naming the millimeter mark, or the half between two marks 
nearest which the top of the seedling showed If the measuring 
is carefully done, and the earth about the seedlings firm so that 
the measuring ruler does not sink mto the earth, one should be 
able to measure accurately to less than one-fourth millimeter. 
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In order to test the degree of accuracy of measurement, or 
at least the constancy of measurement, the seedlings of six pots 
were re-measured within a few minutes of the preceding measure¬ 
ment, the seedlings of several pots having been measured in 
between, so that the memory did not hold over A pot with 
30 seedlings gave in the first measurement a total of 153 mm, 
m the second measurement 159 mm , a second pot with 26 
seedlings gave m the two measurements 248 5 and 250 5 mm , 
a third pot with 34 seedlings gave 276 and 272 mm These are 
differences of 4 per cent, 0 8 of one per cent, and 1 5 per cent 
respectively Three measurements of other pots at another time 
with 18, 22, and 31 seedlings gave variations of 0 7 of one per 
cent, 4 3 per cent, and 1 per cent respectively The variations 
of 4 and 4 3 per cent were made with Poa pratenms, one of the 
grasses with the shortest seedhngB, the seedlings of the two pots 
averaging, when the measurements were made, 6 4 and 5 1 mm 
respectively 

One may ask whether the microscopic method of measuring 
growth would not lead to more accurate results There can be 
no question that in practice the microscopic method would be 
far less accurate with the grasses. In the same pot of seedlings, 
during the twelve-hour period of growth, one frequently finds 
variations of growth extending from a minimum of 5 mm to a 
maximum of 25 mm If 30° is accepted as the optimum temper¬ 
ature for growth, there will always be several seedlings m pots 
kept at higher temperatures, and in pots kept at lower temper¬ 
atures, which make greater growth than several in the pot m 
optimum temperature, the group averaging the greatest growth. 
To think of bringing enough seedlings under microscopic obser¬ 
vation to overcome the effect of this individual variation, and 
the effect of changes m individual rates of growth during the 
experiment, is quite impossible There would seem to be little 
likelihood of large error m determining the optimum tempera¬ 
ture for seedlings making a growth of 7 mm or more between 
the two measurements Even for the shorter and more slowly 
growing seedlings, such as those of Poa pratensis and AgrosUs 
alba, likelihood of error would be reduced by increased number 
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of seedlings, and it will be noted by reference to the table that 
for the more slowly growing seedlings a very large number of 
seedlings was used If the error in measurement for the shorter 
seedlings falls below 5 per cent, as indicated above, a difference 
of growth of 2 mm m the sequence of a senes showing but 
5 mm growth would not be significant, but a difference of 3 
mm or moie in two temperatures of a senes might be relied 
on as showing an average difference in the rate of growth. 


DIfsCUSSION OF RESULTS 

When one measures the growth of seedlings m different senes 
put through the same grades of temperatures, it is more or less 
disturbing, but nevertheless inevitable, that he should find the 
rates of growth varying from scries to series, and this m spite 
of the fact that allowance has been made for personal errors 
It is the inevitable consequent of biological experimentation, 
due to the practical impossibility of controlling completely the 
external and the internal conditions for the activity of organisms 
For instance, in the five senes of seedlmgs of Agroaha alba used 
in the present experiments, averaging over 150 seedlings for 
each senes, the optimum temperature for growth fell once in 
26°, once m 28°, and three times in 30° As the average differ¬ 
ence in growth at these three temperatures was not, however, 
more than 1 mm , it is not certain that these differences were not 
due to the limitations of the method of measurement used But 
with A vena sativa the differences recorded were too great to be 
ascribed to errors of measurement; yet here, the optimum 
temperature fell once in 28 s , once m 30 s , and the third time m 
32 s . Unexplained vanations in the rate of growth are not 
uncommon, as illustrated also by the work of Koeppen as given 
by Pfeffer (4) for the growth of the seedling of JPuum sativum, 
which shows in temperatures rising from 10 4° to 36.5 s a curve 
not smooth, as might be expected, but undulating with five 
crests. 

With the different series of a species showing average results 
unlike for optimum temperature, how shall one make UBe of all 
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the senes of a species to aid m determining the optimum tem¬ 
perature 7 One might add together all the growths at the same 
temperature in the different series of the same species, and thus 
obtain a series of averages But unlesB the number of seedlings 
were the same at each temperature in all the senes of the species, 
the result might be far from expressing tho truth A better 
way of combining the senes of a species is to average the 
optimum temperatures of all the series. Thus, for Avena mtiva, 
the three senes gave the three optima, 28°, 30°, and 32° The 
average of these would be 30°, and it is so set down in the 
table The five senes with Dactylis gave optima of 28°, 28°, 
28°, 30°, and 32°, these make an average of 29°, as found m 
the table, though there were no tests at 29° 

The table shows no temperatures employed below 26°, 
though, for the most of the species, 24° was used also The 
growths m tins temperature were always less than m 26°, and 
hence, to save space, the records of growths at 24° arc omitted 
For some senes, other temperatures besides those recorded were 
employed, but they add little to the result By using tempera¬ 
tures two degrees apart, the results suffer in attempted accuracy, 
for if the record shows in a senes the greatest growth at 30°, 
it might be that there was still greater growth at 29° or at 31° 
Of course, the measured growths at the temperatures above the 
30° compared with that next below would give some inkling as 
to whether the optimum was likely to lie above or below the 
30° place The method of averaging the optima of the senes 
would also help in fixing the average optimum to a certain 
temperature degree. 

In the table, the last six columns arc intended only as 
illustrations of representative series for the various species It 
will be observed that the optima as given in these representative 
senes do not in all eases coincide exactly with the average 
optima as given m the third column. It was from such series 
as those given in the table that the average optima were denved 
It is worth noting that the optimum for the coleoptile of the 
most of the grasses as well as for the hypocotyl of three of the 
four dicotyledons lies near 30° It would not be remarkable, if 
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a more painstaking research should show that for both of these 
species, namely, Poa pratenais and Papaver paeonzflorum, seeing 
the growth for measuring is so small, the optimum should be 
other than 27°. 

University of Michigan 
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A COMPARATIVE STUDY OF THE DIS¬ 
TRIBUTION OF THE CLIMAX ASSOCIA¬ 
TION IN SOUTHERN MICHIGAN 

B E QUICK 
I Introduction 

During the 1911 season of the University of Michigan 
Biological Station on Douglas Lake in Cheboygan County, 
Michigan, many differences were noted between the beech and 
maple forests of this region and those of the southern part of the 
State The presence of different species of dominant trees in 
these woods as compared with those farther south, as well as 
the differences m the herbaceous vegetation, suggested the 
advisability of making comparative studies of beech and maple 
woods throughout the Lower Peninsula of Michigan in order to 
determine whether the differences were sufficient to classify as 
distinct types these forests which had possibly entered the 
State by different routes, or whether they might be part of the 
same vegetative type differing merely in certain climatically 
limited species The soil requirements seemed also of interest, 
as this kind of forest occurs in the north on light soils, while in 
the south, especially near Ann Arbor, it is found on heavier soils 
Dunng the academic year of 1912-1913 and the summers of 
1912, 1918, and 1914 investigations wfre made under the 
direction of Dr H A Gleason, of the University of Michigan 
To him I am indebted for his kindly interest and many valuable 
suggestions, as well as for access to some notes taken in travelling 
about the State. I am also indebted to Professor F C. New* 
combe for many useful suggestions and criticisms. 

Species lists, habitat and soil notes, as regards not only the 
original condition, but also the degree of modification of the 

211 



212 


B. E. Quick 


same by plant growth and counts of the trees present for per¬ 
centage of abundance of the dominant plants were made for all 
of the stations studied, quadrat studies were made in many 
cases also Notes made from trains in going from one part of 
the State to another were found, when verified by data taken 
on foot over the same areas, to be of value m studying the soil 
preferences as well as the general distribution of many of the 
larger species of plants 

The nomenclature used throughout is that of the seventh 
edition of Gray’s Manual of Botany, so no other authorities 
will need to be cited for the individual plant names The 
herbarium at Michigan Agricultural College, as well as the one 
at Ann Arbor, was consulted m reference to the identity and 
distribution of several plant species 

The illustrations are all from photographs made, developed 
and printed by the author 

II. General Considerations 
a CLIMATE 

The climatic character of the southern part of Michigan can 
well be expressed by the following figures The three cities 
selected for the graphs in Figures 4 and 5 were chosen because 
they showed extreme variation in the climatic factors, and also 
because they were located at wide distances from one another 
Alpena is located on Lake Huron near the northern end of the 
peninsula, Port Huron is on the same side of the State, but 
farther south, below the “Thumb” region, while St Joseph is 
on Lake Miohigan near the southwest corner of the State The 
data used in the curves were gathered from the United States 
Weather Bureau report for 1912, and represent the averages of 
twenty to thirty years of observation. The mean temperatures 
vary similarly in the three places, the mean temperature for 
the entire Lower Peninsula is close to that for Port Huron. The 
maximum and minimum temperatures are strikingly dose to¬ 
gether m range and in values, both being less extreme than those 
given for northern Illinois by Gleason (1910). Mean tempera- 
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P and 8, mean temperatures from January to January, A', P' and 
8', maxima, A*, P*, and S 1 , numma 

Constructed from reoords published in U 8 Dept Agrio Weather Bureau Bull sections 
62 and 68, 1007 

tures seem related to latitude, maxima, to neither latitude nor 
the nearness of the lakes, minima, to latitude, but in a very 
irregular manner. 

For the Lower Peninsula the average latest killing spring 
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frost occurs about May 10, and the earliest in the fall about 
October 4, so the growing season averages about 140 days 
Alpena has an average growing season of 135 days, Port Huron 
of 154 days, and St. Joseph of 177 days The length of the 
growing season is generally dependent on the latitude, but is 
also influenced by the nearness of the Great Lakes, especially 
Lake Michigan The winds come from a generally western 
direction, and, sweeping across this lake, they give up in summer 
or take up in winter a considerable amount of heat, which 
greatly moderates their effect This is best demonstrated by the 



Fia 6 Chart of Rainfall Expressed in millimeters to the left and in inches 
to the nght. A » Alpena, P - Port Huron, 8 - St Joseph 

Constructed from record* published in V S Dept Agnc Weather Bureau Bull, sections 
62 and 08, 1607 

results m an area of moderate temperatures called the “fruit 
belt,” which Iicb along the western side of the State parallel to 
the lake % 

Past students of the climatic conditions have divided this 
region into different climatic zones. Transeau (1605) mapped 
areas of “relation of rainfall to evaporation," three of whioh 
entered the Lower Peninsula of Michigan. Livingston (1911) 
divided the State into three zones, at right angles to Transeau’s, 
in mapping ureas of like evaporation, and later (Livingston and 
Livingston, 1613) made maps of temperature summations and 
also of “temperature efficiencies,’’ m both of whioh the zones 
resembled those of Transeau in a general way. As was shown 
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by Brockmann-Jcrosch (1913), single characters of any Bort are 
insufficient for demarkmg plant zones, and, in general, mete¬ 
orological conditions are of little value in explaining differences 
m vegetation for the smaller regions, although they may be 
significant for the larger ones 


B GLOLOCilOAI; HISTORY 

The geological history of Michigan is of interest in two ways 
first, because it determined the nature of the soils, and, second, 
because it directly controlled the time of entry, as well as the 
order and place of entry of the present flora 

At the time of the glacial period some 15,000 to 50,000 years 
ago, the great ice-sheet covered Michigan and extended as far 
south as the valley of the Ohio Rivei After several retreats 
and re-advances, the final retreat of the ice left the State with 
its former rock masses planed down, its former valleys filled, 
and its surface covered with a general mantle of rock-d£bns 
and drift which vaned m thioknesB The soils thus derived 
are various in character, as well as m origin some are clayB, 
sands, or gravels left as moraines by the gradual melting of 
nearly stable ice-margins, some are deposits in the beds of 
glacial streams with variations m coarseness depending on the 
rate of flow in the streams at the time of deposition, still others 
are fine sands or gravels laid down in ancient lake-beds 

0 ORIGIN Or THE FLORA. 

During the farthest advance of the ice-sheet the entire State 
was covered with a deep layer of ice, so that all previous vege¬ 
tation was completely destroyed These ice-masses persisted 
for a long enough time to sterilize the soil completely, at least 
as regards the higher plants, so that on the^etreat of the ice 
no plants or plant parts remained alive, and large areas of bare 
soil were left exposed. Geological studies have shown that the 
ice-margin was not that of a single sheet, but that several 
retreats and re-advances were separated by periods of temperate 
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climate which left vestiges in the form of plant remains between 
the layers of glacial soil Following the last retreat of the ice, 
boreal plants occupied the soils growing close to the ice-margins 
on the higher areas not submerged in the glacial lakes as tundras 
and bog-associations 1 Then came conifers on the east and 
west, and finally deciduous trees advanced from the Bouth to 
replace the comfeis The conifers were not present in the Ohio 
Valley, so that the deciduous trees and skrubB directly replaced 
the tundra and bog-associations in the south central part of the 
State (Transeau, 1903) 

While deciduous forests entered from the southeast, praunes 
entered from the southwest, being later almost entirely replaced 
by the deciduous trees The advances of forest and prairie were 
not simultaneous, but they alternated in waves, due either to 
alternating moist and dry periods, as was shown for Scandinavia 
by Blytt (1881), or to warm and cold periods (Hay, 1910), 
which would bring about the same effect by increasing or de¬ 
creasing the evaporation with unchanged precipitation The 
general tendency today seems toward a more moist climate 
(Knowlton, 1910), and this is shown by the present advance of 
forest on prairie as well as by the advance of deciduous forest 
upon coniferous forest 

D THE UNITS OP VEGETATION 

The Formation 

Although plants have been discussed from the time of 
Humboldt m regard to their relations to one another m the 
natural groupings in which they are found, there has always been 
some disagreement as to the names for these natural groups. 
The larger divisions of vegetation were given a name in 1838 
by Gnsebach (Wanning, 1909) when he spoke of a “formation” 
as “a group of plants which have a decided physiognomic 
character, as a meadow, forest, etc ” A recent use of the term 
formation is that of Nichols (1917), who defines it as “an ssbo- 

1 Adams, 1902; 1906 B; Cowles, 1911; Hershberger, 1904 A, 1906; 
and Scbarff, 1912 
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ciation-complcx which is related to a specific physiographic unit 
area/' in which the “association-complex" includes the idea of 
a successive series of plant groups, quite possibly of different 
physiognomic character It is more m keeping with the original 
idea of the term to define it as follows A formation is a group 
of plants of the same physiognomic character which dominates 
a large region or province as its characteristic vegetation An 
example of this would be the deciduous forest formation which 
dominates the Northeastern Deciduous Forest Province, and 
would include all of the deciduous forests of the region, whether 
they have or have not successional relations to one another 


The Association 

The association is a more restricted group of plants, sub¬ 
ordinate to the formation Humboldt first used this term 
m 1807 (Warming, 7 c). Warming calls the association “a 
fioristic species of a formation which is an oecological genus ” 
Nichols (1917) defines it as “any group or community of plants 
which occupies a common habitat" and also “any stage in a 
given succeBsional series ” In this paper the term association 
will be used as a natural group of plants whose interrelations 
and individual peculiarities enable them to live together as a 
homogeneous community of definite biotic composition The 
definiteness of the habitat has been disregarded here, for the 
character of the association depends more on the forms asso¬ 
ciated together in it, and on how they associate, than upon the 
environment where it happens to have developed 

In any association certain forms dominate either by their 
size, abundance, or effect on the environment, and so are called 
dominants These dominants may be either a single species or 
several species m any association, and m the latter case may be 
present in different proportions m the different consocies (Gleason, 
I c) of the association Certain dominants are usually common 
to two or more such consocies, and the secondary plants are 
often entirely the same, in other eases the dominants will be 
ahke and the variation will occur in the secondary plants An 
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association is thus seen to bo a variable, and to vary about a 
mean in the same way that a species docs 

The Climax Association 

Besides the fluctuating changes m the association mentioned 
above, the association is also constantly changing m a definite 
direction Each association changes the conditions of light, soil 
and water for the habitat which it occupies, and these changes 
make possible the entry of plants able to endure the changed 
conditions The entry of these invaders may mean the replace¬ 
ment of the pioneer association, especially if the seedlings of the 
pioneers are intolerant of shade Such successions occur re¬ 
peatedly until an association develops which is not merely able 
to endure conditions as it finds them, but to perpetuate these 
conditions, and so kve undisturbed unless the balance is upset 
by climatic change, or by destruction by a cataclysm. Such an 
end member of a senes of successive associations is called a 
climax association 

Whatever the nature of the initial conditions in a region, 
whether hydrophytic or xerophytic, there is a modification of 
them in a mesophytic direction When the conditions are 
finally established, the vegetation has also arnved at the corre¬ 
sponding condition, and we have the climax association occupying 
the region in all of its thoroughly matured areas The nature 
of the climax association is therefore mesophytic (Fuller, 1914). 

For any of the provinces of North America so far delimited, 
there does not seem to be a definite climax association, ie., 
one which can be called the climax for the entire province, 
there is, however, a tendency in that direction. For smaller 
areas the climax can often be positively identified, or even 
predicted from comparisons with similar areas. When two 
provinces are m contact, there is a struggle for supremacy 
between the various associations of both, and the chmax will 
be now that of one province, now that of the other, depending 
on the conditions of soil, water, and topography. It is readily 
seen that with base-leveling, humus formation, and the conse¬ 
quent increasing mesophytism of the environments, the more 
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mesophytic climax association will ultimately survive in such a 
region Thus there is an advance of one province upon the 
other, so we may be able to predict a climax formation which 
will ultimately dominate all of the land surface aB far as climatic 
conditions will allow. 

In the deciduous forest province of North America the dom¬ 
inant formation is deciduous forest, and all of the associations 
of this province are tending toward a certain formation which 
is represented in the smaller areas by the several higher members 
of the successions These will be seen to be most similar when 
we examine the climax associations One of the most noticeable 
features of the climax associations described for different parts 
of this province is the occurrence of Fagus m all of them, with 
a changing array of other species. The predominance of the 
beech is noticeable, however, only m the more northern locali¬ 
ties and m the Alleghenies Fagus has been listed in the climax 
associations of Alabama by Harper (1914), in North Carolina 
by Harshbergcr (1903), in Maryland by Shreve (1910), in 
Kentucky by Evans (1889), and in Pennsylvania by Harsh- 
berger (1904 B) In more northern regions it has been given 
a prominent place in the climax association as one of the dom¬ 
inant species This has been shown by Roberts (1914) in Mas¬ 
sachusetts, Nichols (1913) in Connecticut, Kearney (1900) m 
the Appalachians, and Bruncken (1902) in Wisconsin, as well 
as in Michigan {md seq ) There is an increase m the import¬ 
ance of Fagus as regards the climax association as one leaves 
the southern part of the province and approaches the contact 
with the northeastern conifei province 

III Studies of the Climax Association in 
Michigan 

a historical 

The Lower Peninsula of Michigan lies m the edge of the 
deoiduous forest province, and is also occupied by the southern 
border of the northeastern conifer province, besides receiving 
the outposts of the prairie protrance in its southwestern corner. 
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These facts are responsible for the great variety of associations 
present, and the succesaional relationships are often much in¬ 
volved in consequence This may explain why these succcs- 
sional relations have been neglected by so many of the botanists 
who have described the vegetation of the State Cowles 
(1899) described the climax for fixed dunes near Lake Michigan 
as a mcsophytic beech-maple-hemlock forest in the maple-bass¬ 
wood series He also described as climax forests coniferous 
woods alternating with oak woods on less mesophytic dunes 
Although these last are appaiently stable, they are not true 
climax associations, for they will gradually mciease m incso- 
phytism until the pioneer plants of the true climax may enter 
Such associations should not be classed as “climax associations,” 
but should lie distinguished by some other term such as tem¬ 
porary climax a&sociatiovs. (Nichols, l c ) 

Although Transeau (1905 B, 1906) did not seem to recognize 
the position of the beech-maple senes m the successions of 
southern Michigan, he desenhed a forest of beech, maple, red 
oak, white elm, sycamore, basswood, and the like, as typical 
of the lake-plain Coons (1911) found maples, elms, basswoods, 
and others, succeeding pines in the Saginaw region and con¬ 
cluded that the beech-maple type was the climax association 
Livingston (1903) gave the beech-maple association as char¬ 
acterizing the heavier clay soils of Kent County, with some 
hemlock to the northwest Gates (1912) described the beech- 
maple-hemlock as the climax for Cheboygan County. In the 
Northern Peninsula the beech-maple-hemlock was shown to tie 
the climax by Whitford (1901). Ruthven (1905) and Adams 
(1905 A) found no Fagus m the Porcupme Mountains of the 
Upper Peninsula, though a climax forest of sugar-maple with a 
small amount of balsam-fir basswood, and hemlock occurred 
there Isle Royale was shown by Adams and Ruthven and also 
by Cooper (1913) to be dominated by a climax of spruce, birch, 
and balsam-fir, the dimax for the northeastern conifer province, 
they noted sugar-maple as dominant on a ridge to the southwest, 
however, and recorded this as its extreme northern limit m the 
State. 
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B. COMPOSITION OP THIS CLIMAX FOREST IN MICHIGAN 

The climax forest in the Southern Peninsula of Michigan 
is a mesophytic forest charactenzed by deep shade beneath the 
dominants, and by a ground cover of moist humus The dom¬ 
inant species are tiees, but which of these are the true dom¬ 
inants can be recognized only by comparing their relative 
frequencies in the single habitats, and their occurrence in the 
several habitats In Table I are given the percentage frequen¬ 
cies of some of the trees which commonly occur in this dunax 
association The percentage frequency was determined for 
each species by recording the number of turn's that it was seen 
within a distance of ten feet on either hand in making a kne- 
transect through the individual association, and then expressing 
this in percentages in relation to the total number of all spccieB 
thus noted In this table not all of the species seen are in¬ 
cluded, for some were not abundant enough to make up one 
per cent of the trees, and hence were scarcely important as 
dominants, others were so typical of a preceding association as 
to warrant their exclusion A few such as the white oak are 
scarcely typical, but occur so often that they were included as 
indices of the forest type 

As it was not possible to spend an entire summer at each of 
the stations concerned, the lists of secondary species are not 
complete, many of the more important secondaries can be 
recognized, however, at any tunc of the year, either by foliage, 
flower or fruit, or, if these be lacking, by remnants of these 
which often persist the entire winter and even far into the early 
summer. Quadrat studies for the frequency and abundance 
of the secondary plants (Clements, 1905) trere made for many 
of the stations, but as they seemed of little value for the wide 
range of temtoiy studied, they are not taken up in this paper 
The secondary plants are of little importance m the association, 
except as indicators of the degree of dominance of the tree- 
species. Many are able to grow under any tree-growth as soon 
as conditions are sufficiently mesophytic, while othera are 
entirely dependent on certain species of trees for their existence 
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because they are limited to special kinds of humus The first 
sort often precedes the climax association, but the second comes 
in only when conditions have become relatively stable as regards 
the dominance of the trees of the chmax association 

DommarU Species 

The dominant species in the chmax association are the trees 
listed as follows Acer saccharum, Betula lutea, Carya cordiformis, 
Fagus grandifolta, Fraxmus amencana, Ostrya mrgtniana, Quercus 
rubra, Tilia amencana, and Ulmus amencana They are domi¬ 
nant by size and shading, interference with air-movement or 
wind-protection, and by humus formed from the fallen individ¬ 
uals or parts. Of these trees maples and beech make up about 
sixty per cent on the average, and the others mentioned make 
up about thirty per cent, the remaining ten pfer cent is made up 
by many different species of trees which vary in kind in the dif¬ 
ferent parts of the State (See Table I) These less important 
trees are represented in the southern part of the State by Linoden- 
dron Tuhpifera, Nyssa sylvatica, Platanus occidenlahs, Prunus 
serotina, Quercus bicolor, and Sassafras vanifolium, and in the 
north by Prunus pennsylvamca and Tsuga canadensis 

Acer saccharum, the sugar-maple, is almost invariably present 
in the climax association as an important dominant Although 
it is more frequent on clay soils, it is found on both clay and 
sand, the ratio of occurrence being about 2 1 The climax 
is reached more quickly on elay than on sand and this explains 
the present greater frequency on clay 

Betula lutea, the yellow birch, is frequently found in the 
association m the northern part of the State. Its distribution 
m the southern part is more scattered, but it may be found m 
every region of the Lower Peninsula 

Carya cordiformis, the bitternut hickory, occurs frequently 
in the southern consooies m this State, but is of general dis¬ 
tribution as it occurs to some extent m the north also 

Fagus grandifoha, the American beech, is a most character¬ 
istic dominant of the beech-and-maple chmax association. It 
is found most frequently on clay soils, but wherever sand has 
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had a sufficiently long development of humus, and where soil- 
water is not too inadequate, beech will develop with the other 
trees of the climax forest The beech is considered by some to 
be an obligative mycorrhizal plant If this be true, it will 
explain its restriction to good humus with plenty of soil-water 

TABLE I 


Percentage Frequencies or Treks in tun Climax Association 
or Southern Michigan 
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Ostrya virgimana, the hop hornbeam, occurs very generally 
in the State, but is more abundant m the southern consocies of 
the association 

Quercus rubra , the red oak, is often present in this associa¬ 
tion, especially in the southern part of the State It is also a 
member of the oak-hirkory association and occurs in the climax 
when it is on dry or “light" soils 

Tiha americana, the basswood, is a frequent member of this 
association and occurs thioughout the peninsula, but more 
frequently on clay soils in the southern part 

Ulmus americana , the white elm, is a member of the climax 
association throughout the Lower Peninsula, especially in the 
southern part Its ratio of occurrence on sand and clay is 3 5 
Next to the sugar-maple it is the most common member of this 
association 

Linodendron Tuhpifera , the tulip-tree, is not very abundant 
in any part of the State but is most frequent m the southwest 
corner, where it is an important member of the association On 
the western side of the peninsula it extends as far as a few miles 
north of the Grand ltiver 

Nyssa sylvatica, the sour gum, is never an important tree 
in tins association either as regards size or numbers It is often 
present in the southern pait of the State 

Platanus occidentalis, the sycamore, extends north of the 
Grand River as far aB Sparta and Smyrna, both being not more 
than five miles north of the Grand River Valley It is more 
frequently seen on sand, being prevalent m the nver valleys 
In the southwest and southeast parts of the State it is often 
seen in the climax association. 

Prunus serotina, wild black cherry, is seen in most of the 
consocies of this association in the Lower Peninsula, but is not 
abundant in the northern ones It grows to be a large tree, 
sometimes almost losing its distinctive bark character in age 
In the north it is replaced by Prunus pennsylvantca 

Sassafras juanifoltum, sassafras, occurs as a shrub and as a 
tree very sparsely in the cbmax association. It is more char¬ 
acteristic in the oak-hickory association, and occurs in the stages of 
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succession of this association by the climax when the sugar-maple 
is present and is beginning to succeed the oakB It was not seen 
m the northern part of the peninsula, but occurred as far north as 
White Cloud, forty miles north of the Grand River, and near Lake 
Michigan it was seen twenty miles north of Grand Haven 

Tmga canadensis, the hemlock, occurs in the northern con- 
socies, but extends south on both sides of the peninsula Along 
Lake Michigan it is found as far south as the state-line between 
Michigan and Indiana, along Lake Huron it occurs as far south 
as Jeddo, not far from Port Huron, where it. was seen on till-clay 

Shrub Zone 

The shrub zone is variable in composition, in general being 
made up of young trees of the dominant s|»ecies The fol¬ 
lowing arc also characteristic of the shrub zone in the Lower 
Peninsula Antelanchier canadensis, Carpmus carohmana, Rthes 
Cynosbati, Rvbus alleghenicnsis, R tdaeus, R idaeus acuteatis- 
aimus, Sambucus canadensis, Viburnum accnfohum, and Zan- 
thoxylum amencanum 

Southern shrubs which enter the peninsula, but do not 
occur throughout are' Aesculus glabra, Asimina triloba, Benzoin 
aestivate, Cornua altermfolia, C pamculata, C. stolonifera, Corylus 
amencana, Crataegus spp, Morns rubra, Rosa humilis, Staphylea 
tnfoha Those present in the north, but seldom or never seen 
in the southern part of the peninsula, are Acer pennsylvamcum, 
A spicatum, Gaylussacia baccata, Rosa bkmda, Sambucus race- 
mosa, and Taxus canadensis. 

Rhus Toxicodendron is the only liana of nearly universal 
distribution m the Lower Peninsula. Celastrus scandens, Cle¬ 
matis spp., Dtoseorea vtllosa, Smilax herbacta, S hispida, and 
Vitis cordifoha are southern, while Lomcera canadensis is 
northern, m distribution 

Secondary Plants 

The secondary plants are mostly herbaceous, and, because 
of the lack of light, are not numerous in any of the patches of 
climax association A large number of species occur in such 
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situations, but they vary from place to place Those secondary 
plants showing the greatest frequency in the climax association 
and seldom found elsewhere are Adam alba, Adtantum pedatum, 
Allium app, Apios iuberoaa, Asplenium feltx-foemina, Arabia 
racemoaa, Ansaema tnphyllum, Aspidium Goldtanum, A spin- 
uloaum, A noveboraccuse, Botrychium virgimanum, Carex plan- 
taginea, C tribuloidea, Ctrcoea alptna, Corallorhtza maculata, 
Cypnpedmm parmflorum var. pubeacens, Cystoptena bulbtfera, 
C fragilis, Epifagus mrgimana, Galium circaezans, G. tinctonum, 
Geranium Robertianum, Hystrix patula, Maianihemum canadenae, 
Medeola virgimana, Mitella dtphylla, Monotropa uniflora, Onodea 
aensib%li8, 0 Struthioptena, Oamorhua longwtylis, Osmunda ctn- 
namomea, 0 Claytomana, Phegoptens Dryoptens, P hexagon- 
aptera, Podophyllum peUatum, Polygonatum biflorum, Polystichum 
acroshchmdes, Smilacina racemoaa, Thahctrum dioica, Trillium 
grandiflorum, Viola papihonacea, and Viola pubeacens. 

Other secondary plants which are often found are not as 
typical Of these Aralia nudicauhs is often present, but occurs 
also in the oak-hickory association, as does also MitcheUa repens 
Those occurring only in the southern consocies are. Anemonella 
thahctroidea, Asarum canadenae , Carex conjuncta, C. fihformts, 
C lupuhformia, C lupultna, C. penneylvamca, Erythromum 
albidum, E. amencanum, Evonymus obovalua, Hydrastis canaden¬ 
sis, Laportea canadensis, Menispermum canadenae, Phryma 
Leptostachya, Rhus canadensis, Trillium dechnatum, Uvulana 
perfohata, Viola canadensis, V hastate, V. palmate, V. sorona, 
and V striata. Other secondary plants which are mostly 
northern in distribution are Actaea rubra, Botrychium tematum, 
Cltntoma borealis, Camus canadensis, Qautihena procumbens, 
Habenana orbiculata, Linnaea borealis var. amencana, Lycopo¬ 
dium annofenum, Mitella nuda, Pyrola asanfdha, P. eUiphca, 
Smilacina stellate, Streptopus rosette, and Tnlltum cemuum. 

C DISTRIBUTION OF THE CLIMAX FOREST IN MICHIGAN 

The Lower Peninsula was divided, for convenience of study, 
into six regions which are separated from one another to some 
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extent by natural barriers, these are shown in Map II In 
each of these regions a large number of stations were visited, 
but as space will not allow a detailed description of each sta¬ 
tion, they will be referred to only where they mark the limits 
of distribution of individual species 

Region I The Southeastern Lake, Plain 

This region lies along the shore of Lake Erie and the Detroit 
Iiiver from the Ohio line as far north as Port Huron, extending 
back inland as far as the morainal ridges which parallel the lake 
margin at a distance of about twenty-five miles 

It is characterized by soils of lake origin, mostly lake clays 
and lake sands laid down in the glacial period The soils best 
suited for the development of the climax m this region were 
somewhat “heavy” clays The forests are dense and the 
shrubs and lianas not abundant, being usually limited to mai- 
ginal zones The soils are much modified by humus, and water 
relations are more toward the hydropliytic than the xerophytic 
extreme 

The dominants were much the same as those for the entire 
peninsula, being Acer saccharum, Vague grandifoha, Fraxmus 
amencana, Tiha amencana, and Ulmus amencana lletula lutea 
was found at Richmond and B alba at Mt Clemens, both in the 
northeastern part of the region, Lmodendron was frequent 
throughout Acer rubrum, A sacchannum, Celtvs ocadentahs, 
Fraxmus nigra, F. pennsylvanica and Nyssa sylvahea were 
occasionally found in lowland habitats, while Carya mala, 
Juglans cinerea, Quercus alba, Q macrocarpa, Q rubra, and 
Sassafras vanifolium were often present m the upland habitats 
as relicts of the preceding oak-hickory association 

The shrub zone is made up of young trees of beech, tuhp- 
tree, hornbeam and cherry {Prunus serotma), and often of 
young oaks, hickories and sassafras where some interference has 
made light conditions favorable to these Sambucua canadensis 
is the most abundant shrub, and besides those which are general 
in distribution, Qaylussacia baccata and Vaccimum canadense, 
which are mainly northern, occur here as far south as Willis 
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The secondaries are m general those listed as “general” or 
“southern ” The most frequent secondaries were Evonymus 
obovatus and Smtlactna racemosa, which were found nearly 
everywhere Aralia nudicauhs, Aspuhwn noveboracense, As- 
plemum felix-foemma, Chimaphila umbellata, Cyprtpedium parm- 
florurn var pubescens, Medeola t nrgimana, were not observed in 
any of the stations, although they occur m other Bouthem re¬ 
gions Plants scarce in the south were Asptdium Gobbanum, 
at Quirk’s Woods south of Ypsilanti, Gaultheria procumbens at 
Wayne, and at Eloise, and Smtlacina racemosa at Wilks and at 
Milan 


Region II The Inland Morainic Region 

This region is made up of clay and sand moraines It is 
located west of Region I and extends north to the Grand and 
Maple nvers, and west to the Looking-glass River along which 
the western boundary turns south to the state line (See Map II) 
The climax forest occupies both lowland soils and upland sods 
of lighter nature The forests are generally dense and shady 
but with more undergrowth, the shrub zone being not limited to 
a marginal zone, but also present as a poorly developed layer 
within the forest. (See Plate XX, Fig 1) 

The most abundant dominants for the region are Acer 
saccharum, Fagus grandifoha, Fraxtnus amencana, Ostiya nr- 
gimana, Prunus serotina, Tiha amencana, and Ulmus amencana 
In the lowlands Acer rubrum, A sacchannum, Betula lento, 
Fraxtnus nigra, F. pennsylvantca, Nyesa sylvahca, Quercus 
bicolor, and Ulmus fulva occur also, Juglans ctnerea, J nigra, 
Linodendron Tuhptfera and Quercus Muhlenbergn occur in drier 
situations , 

The shrub zone is composed of young trees of hickory, hop- 
hornbeam, wild cheny, red oak, sassafras and elm, and all of the 
shrubs of general and southern distribution for the State (ex¬ 
cepting Aesculus glabra) and with the addition of Corylus 
amencana, Hamamehs vtrgtmana, Rhus glabra, and R iyphtna, 
which abound here as well as in the north. Sarhbucus racemosa 
occurs here at Clifford in the northeastern port of the region 
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Most of the secondaries are those listed as general or southern 
in the State The following northern species were also present 
Asplemum felix-foemina at Third Woods near Ann Arbor, 
Medeola virginiana near Lapeer, and Mitchella repens at Obvet. 
The following species, although probably occurring in other 
stations in this region, were not seen in any of those visited 
Aralia racemosa, Ansaetna tnphyllum, Aspuhum Goidtanum, 
Chtmaphila umbellate, and Memsjwi mum canadense 


Region III The Southwestern Outwash Region 

This region is composed of soils similar to those of Region II, 
but more mixed with glacial outwash of both sand and clay 
It comprises all of the west side of the State south of the Grand 
River Valley The climax forest occurred on several soil types, 
sometimes well drained but with good humus. The shade is 
dense, but the shrubs occur in from one to three well-defined 
layers or stones under the dominants 

The most abundant dominants are Acer saccharum, Carya 
cordiformu, Fagus grandifolia, Fraxmus amencana, Juglans 
cinerea, Lmodendron Tvhptfera, Ostrya virginiana, Platanus 
occidentals, Tilia amencana, and Ulmus amencana Betula 
lutea was not seen in any of the stations, and Celtis occidentahs, 
Fraxmus quadrangulata, Juglans nigra, Prunus serotma, Querent 
rubra, and Sassafras vamfoltum were only occasionally found m 
the climax association here 

The shrub sonc contains young trees of sugar-maple, 
bitternut, beech, tulip-tree, and sassafras m abundance, and all 
of the shrubs hsted for general and southern distribution in¬ 
cluding Aesculu8 glabra, which was found frequently near Ber¬ 
rien Springs. 

Of the secondaries of general distribution, Actaea alba 
occurred at Berrien Springs, though it is scarce in the southern 
part of the State. Araha racemosa, Asptdtum Goidtanum, 
Asplemum felix-foemina, Chtmaphila umbellate, Cypnpedium 
pamflonm var. pubescent, Medeola virginiana, and Onodeg 
Struthioptens were not seen in any of the stations. Most of 
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the southern species were seen with the exception of Erythron- 
tum albidum, E amencanum, Laportea canadensis, and Umtlana 
perfohata Of the northern species Gaidthena procumbens comes 
as far south as ten miles south of Zeeland 


Region IV The Northern Morainal Region 

This region is a large one as the study was made more 
especially for the southern part of the peninsula, and the sta¬ 
tions of this and the two following, regions were studied nejerely 
for comparison This region occupies all of the western and 
central part of the peninsula north of the Grand River Its 
soils are varied, being morainal sands and clays, outwash sands 
and clays, and a very small proportion of lake sands and clays 
especially dunes in the western shore region The climax forest 
here occupies both high and well-drained soils and low boggy 
soils In both situations it is dense and has much humus 

The most important dominants for this region arc Acer 
aaccharum, Betula lutea, Carya cordiformis, Fagws grandifolia, 
Fraxinus amencana, Ostrya mrgimana, Quercwt rubra, Tilia 
amencana, Tsuga canadensis, and Ulmus amencana Near Alma 
and Clare Betula alba is often present in the climax, Pmua 
Strobus and Lanx lancina often occur as relicts of past associa¬ 
tions. In the southern border of the region some species of 
more southern range occur, as Juglans cinerea at Moseley and 
Alma, tulip-tree at Mill Creek and at Moseley, Platanus occi- 
dentalis at Mill Creek, and Ulmus racemosa at Hart. 

The shrub zone contains those species listed for northern 
and general distribution as well as young trees of maple, bitter- 
nut, beech, hop-hornbeam, wild cherry, red *oak, sassafras, and 
elm At Moseley Linodendron Tuhpifera was found reproducing 
abundantly, so that young trees of this species made up a con¬ 
siderable part of the shrub zone, disproving Beal’s statement 
(1904) that it is never found north of the Grand River Valley. 
Zanthoxylum amencanum occurs as far north as Smyrna 

The secondary plants are those characteristic of the northern 
part of the State, with those of general distribution. A few 
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southern plants cross the barrier of the Grand River Valley, 
CaulophyUum thahettmdee being seen at Alma and at Hart, 
Evonymus obovatus at Alma and at Clare, Laportea canaderma 
at Alma and at Moseley, Phryma Leptostachya at Alma and at 
Moseley, and Utndana perfohata at Hart 


Region V The Saginaw Ray Region 

The soils of this region are similar to those of Region I, 
being mostly lake sands and clays laid down in various ways 
The region occupies the lands adjacent to Saginaw Bay to about 
twenty-five miles inland Here the climax forest is character¬ 
istic as regards its secondary plants only on clay sods, but when 
present on sand a layer of humus covers the sandy surface 
The dominants are Acer saccharum, Betula lutea, Fagus 
grandifolia, Fraxinus amencana, Ttlia amencana, Tonga cana¬ 
densis, and Ulmus amencana The bittemut is only occasion¬ 
ally present, as are also Fraxinua nigra and F. pennaylvanica 
As relicts from hydrarch successions Acer rubrum and A sacchan- 
num are often present, while Carya ovata, Pinus Strobus, Populus 
grandtfolta, P. tremuloides, and Quercus alba are often relicts of 
the xerarch successions Juglana cinerea is rare, being seen no far¬ 
ther north than Lapeer, Platanus occidentals was seen at Vassar 
The shrub zone includes Alnua t ncana and Corylus amencana 
as well as the shrubs listed for general distribution, northern 
shrubs present were Acer spicatum, Gaylussaaa baccata, and 
Rosa blanda. 

Secondary plants were nowhere abundant The only secon¬ 
daries of general distribution which were at all frequent wore 
Adianhm pedatum, Apws tuberosa, Aspidium epinulosum, Chima- 
phila umbellate, Ctrcaea alpina, Corallorhiea maculata, Cypnpe - 
dtum parmflorum var. pubescens, Epifagus vtrgtmana, MttcheUa 
repena, Osmunda cinnamomea, 0 Claytomana, Podophyllum 
peltatum, Vtola papihonacea, and V. pubeecene. Secondary 
plants of northern distribution found here were* Botrychium 
tematum var. intermedium, and Gaultheria procumbens. Southern 
species found here were Ansaema tnphyUwn, Laportea canaden- 
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sis, and Rhus canadensis at Pigeon, and Evonymus obovatus at 
both Pigeon and Vassar 


Regum VI The Northern Shore Region 

In this region the soils are of all sorts, having clay and sand 
of all types The region includes the tip of the peninsula from 
Little Traverse Bay to a point south of Alpena, and is a strip 
about twenty-five miles wide The climax forest grows on all 
types of soil except bogs Even on sand it has a well-developed 
humus layer, and in its dense shade a surprising variety of 
secondary plants are able to flourish 

The dominants are Acer saccharum, Betula lidea, Fagus 
grandifoha, Fraxinus nigra, Ostrya mrgimana, Tilia amencana, 
and Tsuga canadensis Fraxmus amencana is only occasionally 
present, as is also Prunus pennsylvamca, Tilia amencana is 
rare, probably reaching its northern limit m this region near 
La Rocque (See Plate XX, Figs 2 and 3 ) 

The Bhrubs are those listed as northern Acer spicatum, A 
pennsylvamcum, Rosa blanda, Sambucus racemosa, Taxus cana¬ 
densis, and Vaccimum canadense Those of more general dis¬ 
tribution occurring here are Amelanchier canadensis, Carpinus 
caroltmana, Rubus aUeghemensis, R uiaeus, R idaeus var 
aculeatiasimus, Sambucus canadensis None of the species listed 
as southern occur here Rhus Toxicodendron does not occur here 
as a hana in the forest, but is a shrubby plant which grows erect 
along sandy shores, and on dunes, so it is seldom found in this 
association 

The secondary plants include most of those listed as general 
or northern, but Apios tuberosa and Mitella'dipkylla were not 
seen m the region. The yellow ladies’-shpper here ib confined 
to bogB, and Oauithena procunibens prefers the pine association 
Tnentalts amencana was present in the climax forests of this 
region, though not seen in the stations of any other region, 
Habenana orbiculata occurred in Bryant’s woods near Douglas 
Lake. Viola palmata was found m one station of this region, 
near La Rocque 
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D THE CAUSES OF THE PBEBENT DISTRIBUTION 

Climatic Factors 

Neither the “isoatmic” lines of Livingston (1911) nor the 
temperature summations or “efficiencies” (Livingston and 
Livingston, 1913) are of value m explaining the distribution of 
plants within the State The ratios of evaporation to rainfall 
(Transeau, 1905) are somewhat better, but they do not mark 
out the actual areas of distribution That the relation is not 
merely one of rainfall is seen by examining such a map as that 
by Gannett (1909), which shows the amount of rainfall for the 
State Drude (1890) shows a map of the floral regions based 
on the duration of the cold and wann months, and the line in 
Michigan which divides the southern part having a hot summer 
from the northern part having a moderate summer and a cold 
winter coincides much better with the southward extensions of 
the northern plants in the State 

The northern boundary for southern species in the State 
forms a V-shaped figure and the southern boundary for northern 
species foims an inverted V, as has been already mentioned by 
many writers concerning the vegetation of lower Michigan The 
northern as well as the southern species are distributed farther 
from their centers of greatest abundance along both lakes, so 
that for either northern or southern species the boundary line 
curves either to the north or to the south in the central part of 
the peninsula The more moderate climate of the lake shores 
allows the northern plants to remain here uninjured by the heat 
of the summer, and at the same time allows a northward 
advance of southorn species m the same regions because of the 
lessened seventy of the winter 

Edaphic Factors 

1 The chemical nature of the soil. — The majonty of the 
soil-studies that have been made, especially those dealing with 
botanical investigation, have been made with reference to the 
water-content of the soils J3otne good work has been done on 
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the chemical nature of the soils, the work of Dachnowski on 
the effect of dissolved substances in the soil-water is one of 
these Holkck (1880) and Evans (1889) classified plants ac¬ 
cording to the geological formations on which they occurred, 
and in Europe it has been customary to classify plants as to 
their soils, as in Tansley's Types of British Vegetation (1911) 
The relation of vegetation to the chemical nature of the soil 
may be shown by the study of the soil analyses made by Kedzie 
(1893) As the forest-type was noted for many of his samples, 
it has been possible to combine his data into the following 
table m which twelve beech-supporting soils arc compared with 
six pine-supporting soils 


TABLE II 

COMPARISON OF HkBCII- AND PlNE-SCFPORTINQ SOILS 




Soils with beer h 



Soils with pine 



Low 

High 

Average 

Low 

High 

Average 

Silicon 

05 

48 

91 

92 

77 

45 

75 

74 

95 

02 

90 

03 

Aluminum 

2 

80 

15 

Ea 

6 

40 

0 

49 

10 

63 

2 

98 

Iron 

0 

00 

7 

91 

4 

10 

0 

78 

3 

80 

1 

60 

Calcium 

0 

40 

1 

64 

1 

11 

0 

20 

0 

94 


41 

Magnesium 


m 

1 

23 

0 

00 

0 

12 

0 

48 


22 

Potassium 


111 

2 

12 

1 

40 

0 

20 

1 

90 


67 

Sodium 


P51 

1 

20 

0 

70 

0 

20 

1 

25 


72 

Sulfate 

0 

10 

0 

30 

0 

21 

0 

05 

0 

20 

0 

am 

Phosphate 

0 

13 

0 

49 

0 

30 

0 

01 

0 

44 

■ 

14 

Organic matter 

2 

05 

7 

48 

3 

90 

1 

34 

2 

97 

2 

13 

Water 

0 

36 

4 

00 

1 

63 

0 

20 

1 

44 


m 


The amount of silica appears important, as the averages 
differ thirteen per oent; but while the five samples lowest in 
silica supported beech, and the four highest in silica supported 
pine, those between were beech-supporting on the ones having 
the higher silica content I The aluminum salts present indicated 
the amount of clay mixed with the sand, and although the four 
lowest m aluminum supported pine, the other pine soils con- 
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tamed more aluminum than six of those supporting beech* 
Calcium has been supposed important for beech, but four of the 
beech-supporting soils were as low in calcium content as the 
highest of the pine soils, or even lower Harper (1913) con¬ 
sidered potassium more important than calcium for beech, but 
it was more abundant in two of the pine-soils than in six of the 
beech-soils, the four soils lowest m potassium were, however, 
pme-supportmg 

There is seen in these samples a general tendency for soils 
higher in amounts of mineral nutrients to support a mesophytie 
forest, while those containing a higher proportion of silica sup¬ 
port a xerophytic forest-type Half of the samples could have 
supported either forest-type, as far as the mineral constituents 
were concerned The original condition of the soil is not im¬ 
portant as long as there are no harmful salts present, for it 
becomes richer as time goes on by the action of the vegetation 

The various stations studied were situated on soils of all 
kinds A few examples will show the varied character of these 
soils In Region I climax forest was present on lake clay 
(Milan, Plymouth, Quirk’s Woods), on lake sand (Wayne, 
Willis, Richmond), and on morainal clay (Mt Clemens) In 
Region II it was present on outwash sand (South Mam St 
woods near Ann Arbor), on morainal sand (Ohvet), on till-clay 
(Third Woods near Ann Arbor, Davison, Charlotte), on morainal 
clay (Ypsilanti, Clayton, Lapeer, Clifford) In Region III the 
climax occurred on outwash sand (Kalamazoo), on outwash clay 
(Coldwatcr), on till-clay (Bronson, Eau Claire), and on morainal 
clay (Bemen Springs) In Region IV it was found on morainal 
sand (Mill Creek, Lowell, Hart), on till-day (Moseley, Clare), 
and on morainal clay (Alma) In Region V it occurred on lake 
sand (Au Sable), on lake clay (Pigeon, Omer), and on morainal 
clay (Vass^r) In Region VI it was present on outwash sands 
(Burt Lake), on morainal sand (La Rocque) and on morainal 
clay (La Rocque, Douglas Lake) The present distribution 
disproves, therefore, any statements as to chemical limitations 
based on the inorganic soil-constituents 

2 Organic material, or -humus — The analyses made by 
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Kedzie showed that the organic matter m beech-supporting 
soils is much greater than in pine-supporting soils The presence 
of humus increases the amount of nitrogen present both dirertly 
in the nitrogen compounds of the fallen plant-parts and m the 
harboring of organisms which may be useful m fixing nitrogen 
Humus increases the water-content by preventing surface- 
evaporation and by providing a spongy layer to absorb water 
and thus cut down surface run-off Humus harbors many 
saprophytic bacteria and fungi which are of great value m 
changing the chemical and physical nature of the soil, and in 
some cases some of these are present on the roots of the trees 
in “mycorrhizas” which may be of benefit Inorganic salts 
which have been brought to the plants from far beneath the 
surface by the roots are added to the surface soil by the fallen 
vegetative parts It will thus be evident that the organic 
matter of the soil is of great importance as regards the mineral 
content of the surface soil, the water-content, nitrogen content, 
and biotic factors of the soil 

3 Water-relations of the soil —The climax association oc¬ 
curs on soils which vary greatly in water-content Conditions 
which are originally much too dry are made endurable for 
the climax forest by the development of a humus layer On 
the other hand, conditions of saturation by water are remedied 
by the development of humus by other associations, and when 
the surface layers become sufficiently aerated, the climax can 
develop The preponderance of the climax association on clay 
soils is because of the combination of water-relation and humus 
factors, these are mutually interdependent Where water is 
present m sufficient amount, as is usually true of clay soils, 
humus develops quickly Where water 'conditions are less 
favorable humus develops more slowly, but will in time so 
change the water-relations that the soil will become usable for 
the climax association. Wherever sand is sufficiently moist, 
humus develops and the climax is finally reached, and here, too, 
humus develops less rapidly on dry soils, but will in time ac¬ 
cumulate so that the climax may develop The difference be¬ 
tween the availability of clay and sandy soils is mainly one of 
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time; in the case of sand a relatively longer time must elapse 
before a soil is fitted for the climax association. 

Historical Factors 

It is probable that one of the best explanations of the present 
distribution of the climax association is the relation to past con¬ 
ditions. The lack of northern forms in the south-central part of 
the peninsula is to be explained by the theory of Transeau 
(1903), that the land south of Michigan in Ohio and Indiana 
was never occupied by conifers, but that the deciduous trees 
followed the ice-retreat directly in this part of the State. It is 
probable that the majority of the plants entered the State from 
the southwest and southeast corners, and this would explain 
the farther penetration along the sides by bo many Bpccies The 
fact that the climax association of the southwest corner is of a 
high type, and occurs on sandy as well as on clay soils, indicates 
an entrance at this corner by many of the species, probably 
preceding the “xerothermic period,”* which ushered m the 
prairies of the southern part It is probable that the climax 
association was present here in some places while the eastern 
corner was still under glacial waters 

E FUTURE OF THE CLIMAX ASSOCIATION 

The climax association does not occupy all of the available 
soils of the State at present. The amounts of nutrients in any 
soil are probably sufficient for plant growth, and wherever water 
and humus conditions are favorable, plant-growth will be 
present, and m time that plant-growth will be replaced by the 
climax association, provided the natural successions be undis¬ 
turbed by fire or by man In a few cases base-leveling must 
occur before the climax can ’develop That there is now a 
tendency for the climax association to advance northwards is 
shown by the occurrence of maple forests on Isle Royale in 
Lake Superior. This advance is more gradual than any taking 

' Adams, 1910; Alden, 1910, Brock, 1910, Coleman, 1910, Mathew, 
1910, and Schuls, 1904, 1907, and 1908 
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place in the Lower Peninsula, for the component spectra of the 
association arc here near the edges of their ranges In its 
northern outposts the advance of the association marks the 
advance of the provmce of which it is characteristic and is 
limited by climatic factors, within the province the advance 
upon other associations is limited only by edaphic factors, the 
majority of which are either biotic or are due to the previous 
action of biotic factors The future of the association, therefore, 
depends first on non-interference, or rather protection, by man, 
and after that on the time element alone, for it is capable of 
occupying all of the soils of the State m time 

IV Conclusions 

1 The beech-and-maple climax association is an ecological 
unit for the southern peninsula of Michigan The differences 
which occur between the climax forests of the northern and 
southern portions of the peninsula are not sufficient to warrant 
the division into two areas each having a different climax 

2 The differences in composition between the northern and 
southern consocies of the beech-and-maple climax association 
are due to the limits of distribution of certain of the component 
species 

3 The present chmatic conditions fail to explain the present 
distribution of many of the component species of the climax 
association, as many of them are now migrating northward 
Ltnodendron Tviiptfera is now extending its range to the north 
of the Grand River Valley, and is reproducing freely in the 
most northern station where it was seen, 

4 The inorganic constituents of the toil do not act as 
limiting factors for the climax association Although the climax 
association is usually found on clay soils rich m mineral salts, 
it occurs on all types of soil m all of the regions of the peninsula 

5 The organic matter of the soil is an unportant factor m 
determining the development of the climax association Humus 
changes the physioal composition of the soil, favors the develop¬ 
ment of soil organisms which may form mycorrhizas with the 
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roots of some of the higher plants, or may increase or render 
available the nitrogen supply, and also increases the inorganic 
constituents of the upper soil layers by the fallen plant parts 
which Rave derived these salts through the action of deeply 
penetrating roots from deeper layers Wherever the climax 
association was found, a good humus layer was developed 

6. The water-relations are important only in the earlier 
stages of development of the climax association As the water- 
retaining qualities of the soil may be increased or diminished 
by the addition of humus, any soil may in tune support the 
climax association 

7 Historical factors are of great importance m explaining 
the present distribution of the climax association. The “lag¬ 
ging” of certain species in the central region of the State may 
be due to their having entered from one or both corners, and to 
their not having as yet completed their invasion of the central 
region Many areas at present unoccupied by the climax asso¬ 
ciation may be occupied in the future, when a sufficient time 
interval has elapsed for the modification of the present soils 

8 The present discontinuity and sparse distribution are due 
largely to the action of man. In the days of settling the wild 
country many regions were completely devastated of their 
virgin timber and have never recovered The subsequent erosion 
of the surface soils has made recovery slower 

9 The beech-and-maple climax association is capable, if 
left undisturbed, of occupying eventually all of the soils of the 
Lower Peninsula of Michigan, and of perpetuating itself on them, 
and hence is a true climax association 

Westminster College 

New Wilmington, Pennsylvania 
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EXPLANATION OF PLATE XX 

Fio 1 Beech with Undergrowth of Beech Third Woods, near Ann 
Arbor July, 1014 

Fig 2 Ground-Cover of Young Maples at La Hocque August, 1014 
Fig 3 Trunk of Old Yellow Bireh, La Rooque 1914 





THE IMPERFECT STAGE OF SOME HIGHER 
PYRENOMYCETES OBTAINED IN CULTURE 

LEWIS E WKHMEYER 
INTRODU CTION 

During the fall of 1921 and that of 1922 various forms of 
the higher Pyrcnomycetes were cultured from single spores or 
single asci. As a result of these cultures various imperfect 
connections described in the following pages were obtained 
None of these forms have hitherto been connected by single 
spore or aacus cultural methods, and only two of them have 
been before suggested os integral parts of the same life-his¬ 
tory. Since the taxonomy of both the perfect and the unperfect 
stages of these forms is m an unsettled and highly unsatisfac¬ 
tory state, it was deemed important that a number of life-his¬ 
tory connections should be made, such connections seemed 
necessary to throw light upon the phylogenetic relations within 
the group No final conclusions can be drawn of course from 
the small beginnings here presented. 

Because of the present status of the classification of the 
fungi imperfeeti, the forms studied are not placed definitely for 
the present; only their possible temporary position is suggested. 

METHODS 

All cultures were started either from single germinating 
spores, or single asci in which the spores were germinating 
''the following method was used. Thin sections were cut out 
from the center of perithecia with a safety rasor blade and 
examined in a drop of sterile water on a flamed slide. In this 
way the condition of the spores and their number could be seen 
and regulated These sections were then transferred by means 
of a needle, under sterile conditions, to from 8 to 10 c.c. of 

946 
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water in a test tube, and there macerated until a spore suspen¬ 
sion was obtained A drop of this suspension could then be 
examined under the low power of the microscope, and the 
desired concentration of spores controlled A quantity of this 
mixture was then drawn up in a capillary pipette, which had 
previously been sterilized in HgCU, and sprayed over the sur¬ 
face of an agar dish By tilting the dish the liquid was spread 
evenly ovei the surface A day or so later the culture was 
examined for germination When a germinating spore or an 
ascus in which the spores were germinating was found, a line 
was cut on each side of it with a sterile needle, while still be¬ 
neath the microscope This block of agar was then removed 
and transferred to a second dish containing Leoman’s agar, 
where a colony was allowed to develop This agar was used 
on account of its transparency and because Leonian (m press) 
had shown it to lie an agar highly favorable for pycmdial 
development 

When a pure colony was obtained in this manner from a 
single spore 01 ascus, it was transferred to various hard agars 
with high food concentration, which Leonian’s work (4) sug¬ 
gested would be favorable for penthecial formation In a few 
cases spore suspensions were at first made in liquid agar, which 
was then poured upon a sterile plate This, however, neces¬ 
sitated examining the entire depth of the agar in order to be 
certain that a single spore would be cut out, and so was aban¬ 
doned for the spray method, where the spores occurred on the 
surface of the agar only, and therefore simplified their isolation 

The nutrient media used will be referred to under the follow¬ 
ing names nutrient agar, 1 Leoman’s agar, 3 oatmeal agar, 8 
agar No 1 4 

1 That given by Duggar in Fungous Diseases of Plants , p 26 
* The following nutrient solution plus 2% agar KH»P0 4 , 125 gm M 
MgS0 4 , 0625 gm , peptone, 0625 gm , maltose, 625 gin , malt extract, 
625 gm , water, 100 c c (in press) 

* That given by Pethybndge and Murphy (Set Proc Dub Soc. 13 580 
1013) as follows ground Quaker oats, 60 gras , cold water, 1000 e c , 
agar, various per cents used (2-6) 

4 The oatmeal ag&r indicated above plus the following nutrient solution 
CaNO,, 02%, MgS0 4 , 02%, KH a P0 4 , 02%, NaCl, 1%, levulose, 1% • 
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Sugar-oatmeal agar was made by adding five per rent cane 
sugar to the oatmeal agar Oatmeal agars were made by adding 
an infusion of approximately 100 gms of the bark of beech, 
maple or other trees to enough hard oatmeal agar to bring the 
total to 1000 c c Plain infusion agars were mode by adding 
twenty per cent plain agai to the type of infusion described 
above 

All twigs used for culture pui poses were placed in test tubes 
containing 3-5 c c of water, and sterilized at 15 II* pressure 
for 2 to 3 hours 

DIAPOBTHE ONCOHTOMA (Dllby) Fck 

Penthecia 

The stromata of the perfect stage of Diaportke oneostoma 
(Duby) Fck on Robirna pseudo-acacia L break through the peri¬ 
derm in a rather ragged manner, forming a small irregular 
blackened pustule 5-1 5 mm in diameter, and containing 1-8 
short cylindrical or conical ostioles, which soon crumble away 
leaving a misshapen mass In a vertical section of the twig 
(PI XXI A, Fig 1), the penthecia are seen to be scattered 
singly or m clusters 2-3 nun in diameter, and containing 2-8 
penthecia The penthecia are spherical oi ellipsoidal, and 
measure 450-600 x 400-450 p They are buried in the altered 
bark tissues, which become bleached or whitened to such an 
extent, that, even with a hand lens, they can scatcely be dis¬ 
tinguished from the woody tissue This whitened area in the 
bark corresponds to the white stromatic tissue fonned on agar, 
as in young stages the pyemdia can be found imbedded in this 
stroma directly abovo the penthecia The surface of the bark 
just beneath the pendemi is blackened, and in section appears 
as a dorsal dark line connecting adjacent stromata At the 
termination of groups of stromata this line dips deeply into the 
wood, and then returns in an irregular fashion to a point 2-3 mm 
below the stromata, delimiting an area of mycelial growth 
The asci (PI. XXI A, Fig 6) are cyhndncal-davate, 60-67 
X 7-8 p, &nd Are accompanied by evanescent paraphyses The 
spores (PI XXI A, Fig 5) are bisenate, ovoid, fusiform, 2-celled, 
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hyaline, slightly constricted at the septum, usually with four 
oil-drops in each cell, they measure 13-10 X 3-4 y 

Pycmdta 

Diaporthe oncosioma (Duhy) Fck w'as collected m the fall of 
1921 on the branches of Robima psexulo-acacia L Sprays of 
ascospores from this were made upon Leoman’s agar, as men¬ 
tioned above, on January 18, 1922 Twenty houis later these 
spores were germinating piofusely, and single germinating spores 
as well as asm in which tlie spores were germinating, were trans¬ 
ferred to tubes find petn dishes containing plain oatmeal agar 
and agar No 1 All the colonies produced a heavy growth of 
superficial white mycelium, and soon formed a blackened area 
at the surface of the agar 

On Maich 2, the first pycmdium was observed in the tube 
of agar No 1, which had been inoculated on February 13 from 
a single spore colony isolated from a spray made on February 9 
Following this observation pyemdial stromata were formed in 
profusion in numerous cultures of the agars mentioned above 

The size and shape of these stromatic masses and their con¬ 
tained cavities were very variable on agar The general struc¬ 
ture, however, of the various forms showed them to be due 
merely to the relative development of the various tissues con¬ 
cerned In general the cavities are formed in a white stromatic 
area composed of hyaline hyphae This stromatic tissue is 
formed upon and above the blackened surface of the agar, which 
is m turn composed of more or less fused brownish hyphae 
The white stromatic area is circumscribed laterally, as seen m 
vertical section, by a superficial dark line In the simplest and 
smallest stromata the cavities are irregularly lens-shaped, and 
lie upon the surface of the blackened agar just beneath the 
superficial mycelial growth with very little development of the 
stromatic tissue about them. In the more extensive stromatic 
formations (PI XXI A, Fig 3), often formed on the same plate 
as the smaller ones, the cavities are larger and frequently form 
projections from the base or sides of their walls, making an 
irregular cavity buried in a well-developed stroma The stro- 
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mata, furthermore, often become compounded and form large 
tul>erculate masses 2-5 mm in diameter 

In the less stromatic fruit-bodies the cavities have a thick 
dark wall composed of heavily darkened parenchyma cells 
(PI XXI A, Fig 4) This wall is lined by a narrow layer of 
hyaline tissue which bears the comdiophores In the more ex¬ 
tensive stromatic formations, tins wall may be almost or entirely 
lacking These larger formations, with their greater development 
of rapidly growing hyaline, stiomatic tissue and lack of darkened 
cavity walls, seem to Ik? the result of a higher moisture content 
or other favorable conditions of mycelial growth 

Two types of spores are foitried eonespondmg to the alpha 
and beta spores mentioned by Diedicke (2), ot to the pycno- 
spores and scolecospores, as referred to by Shear (7) The first 
type (PI XXI A, Fig 8) is a hyaline, onc-celled, fusoid spore, 
8-10 X 2-2 5 jjl, born on filiform comdiophores measuring 
20-25 x 2 /i The second or beta type (PI XXI A, Fig 7) is 
a long, filiform, hamate, hyaline, one-cellcd spore, measuring 
13-22 x l-l 5 p These spores arc produced either directly 
from the subhymemum or often on more or less fusoid comdio- 
phorcs The hamate type seems to bo produced first, or it 
may appear under favorable growth conditions, they are the 
tips cut off from the rapidly growing comdiophores, and are 
followed by spoies of the fusoid type 

The spores are ejected through a pore m the apex of the 
stroma m the form of a spore horn* The color of these spore 
horns vanes from white to pinkish, depending upon the relative 
amounts of the two types of spores composing them The spore 
horns of a pinkish tint are made up almost entirely of fusoid 
spores, while the others of a yellowish or white color contain 
mostly spores of the hamate type 

The imperfect form was also found on Robima m association 
with D. oncodoma, here the pycnidia were found in the whitish 
stromatic substance which formed on the surface of the wood and 
pushed the periderm into small pustules 1-2 mm* in diameter 
The imperfect stage of the fungus belongs to the genus 
Phomopsis, as limited by Diedicke (2), since it has the stromatic 
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development of the fruit-body, the thick indefinite outer wall 
often of darkened cells, with an inner layer of hyaline cells 
bearing the conidiophores, the projections from the basal and 
side walls of the cavities, and the two types of spores of that 
genus. The only previous connection in regard to this species 
is that of Phoma oncostoina Thum , made by observation only, 
and referred to by Saeeardo (5) 

QUATERNARIA PERSOONII (Pom ) Tul 

Penthecia 

The perfect stage of QiuUernaria Permonn (Pors) Tul on 
Fagus grandtfoha Ehrh forms thickly scattered, hemispherical- 
conical pustules, 8-1 mm in diameter, they are erumpent m 
the form of a small central disc composed in part of 3-6, united, 
irregularly hemispherical ostioles The stromata are always 
densely crowded, becoming m some cases, for example m the 
Ann Arbor specimens, united into a continuous raised layer 
over extensive areas of the branch surface, the penthecia and 
erumpent discs arc evenly and thickly scattered This condition 
approaches an effused Diatrype in all respects, except that the 
penthecia are erumpent in clusters rather than singly In 
vertical section (PI XXI B, Fig 1), the bark tissues are seen 
to be differentiated into three distinct regions the upper is a 
corky tissue in which the sphencal or ellipsoidal penthecia, 
measuring 350-450 x 200-350 n, are imbedded, below this 
there is a narrow light-colored area made up chiefly of stone 
cells, the third zone is the thick blackened area forming a 
black stratum of bark resting on the wood surface The asci 
(PI. XXI B, Fig. 2) are cl&vate and measure 52 x 5 ju The 
ascospores (PI XXI B, Fig 3) are bisenate in the ascus, allan¬ 
toid, brownish-hyaline, and measure 10 5-13 x 2 5-3 /* 

Pycmdta 

A specimen of the Amencan form of Quaiemana Persoomx 
(Pers) Tul was collected on twigs of Fagus grandifoha Ehrh 
by Lee Bonar in the fall of 1621 m West Virginia. On 
March 16, 1622, sprays of ascospores were made from this 
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specimen by the usual method Ttventy-four hours later germ 
tubes were growing out from both ends of the spores Single 
germinating spores and asci were isolated and transferred to 
agar No 1, and later to beech-oatmeal agar A dense cottony 
growth was formed on both agars 

No fruit-bodies were formed on a set of 4-5 identical cul¬ 
tures on oatmeal agar, but a transfer to two capsules of beech- 
oatmeal agar on May 3 showed pyemdia on June 3 Upon 
examination these proved to be loose, stromatic, lens-shaped 
structures, with circular flattened locules, and with small pro¬ 
jections from the walls They opened through a central pore 
from which an orange-colored spore horn projected The locular 
walls were delicate and consisted of a narrow band of darkened 
hyphae bordering the locule The spores were filiform, hyaline, 
one-celled, and strongly curved, measuring 13-20 x 5-1 y 
They were abstricted from the ends of the loose hyphae just 
inside the darkened locular walls Spores were also abstricted 
from the sides of the comdiophores They often occurred in 
clusters of 2-3 at their tips 

On May 26, 1922, sterilized healthy beech twigs were in¬ 
oculated with hyphae from a single ascus culture and stored in 
a cold room, kept at or below 10° C during the summer In 
November these twigs were found to have spore horns emerging 
from circular lens-shaped pustules An examination of these 
in January, 1923, showed a pyemdial formation similiar to that 
on agar (PI XXI B, Fig 4) Here also the pyemdial wall was 
very indefinite, consisting usually of a discontinuous blackened 
layer along the base and sides of the locule Inside of this wall 
was a hyaline prosenchymatous tissue froyi which the comdio- 
phores arose (PL XXI B, Fig 5) This tissue often formed 
projections or ridges running into the cavity, which sometimes 
extended upward to the periderm, thereby forming partitions 
in the mam looule The locule was at first covered by the 
penderm, and the spores were at length ejected through a pore 
as an orange-colored spore horn. Although there was often a 
thin layer of prosenchyma on the lower side of the penderm, 
which sometimes produced a few spores, this was comparatively 
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slight and might easily escape oliservation The spores (PI 
XXI B, Fig 6), like those in the pycmdia formed on agar, 
were filiform, hyaline, one-celled, strongly curved, and measuied 
13-20 x 5-1 jjl They were born on filiform comdiophores 

An imperfect form on Fagus associated with Quarternana 
Persoonn was found m the fall of 1922 Upon examination this 
proved to be identical with that found in culture In this case 
the orange spore mass at maturity shone through the penderm, 
and gave the effect of orange-colored spots upon the twig The 
penderm also showed a tendency to break away m old age L R 
and C Tulasne have figured the imperfect stage of Q Persoonn 
(8, PI XII, Figs 16-25), referring it to the synonymous species, 
Naemospora crocea (Pers ) Moug Nestlero, and Libertella faginea 
Mazer 10 

Since our fungus fits the descriptions of Libertella faginea and 
can not be said to have a continuous pyemdial wall, it is tempo¬ 
rarily referred, to use the old nomenclature, to Libertella faginea 
Mazcno The spores of L faginea are given by Allcscher (I, p 735) 
as 30-35 x 2 /i, or in his forma minor with spores 18-25 x 1 p 

The European descnptions of the perfect stage of Q Per - 
soonit give the measurement of its ascospores as 14-20 X 4 m 
( 9, p 824) European exiscatti (8yd Myc Germ , Nos 73 and 
1577) did not show such a large discrepancy, since these speci¬ 
mens have spores 13-16 x 2 5-3 fi The stromata of the Euro¬ 
pean specimens are also larger than those of the American form 
Ellis remarks on this point on his exiBCatti of Valsa quaiernala 
(N A<F , 175) on maple, which has smaller stromata even than 
the form upon beech As was seen above,"the imperfect stage 
gave correspondingly smaller spore measurements, a condition 
which points to the fact that we are dealing here with an 
American form of <?. Persoonn , somewhat different from that in 
Europe 

diatrype virescens (Schw) Berk 

Penthecia 

The perfect stage of Diatrype vireaems (Schw) Berk on < 
Fagus grandifoha Elirh. forms irregular, 3-4 angled, pulvmate, 
erumpent stromata, with the Jiersistent ruptured penderm about 
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their edges The stromata are 1-2 mm m diameter and 8 mm 
in height The surface is a brilliant grass-green about the edges, 
with a hght-yellowiHh center, m which are scattered the 6-15 
round, flal, scarcely erumpent, quadruplicate, black ostioles In 
vertical section (PI XXI C, Fig 1) the white interior of the 
atiomata, in which the penthecia arc imbedded, is seen to be 
bounded on the surface by a darkened surface layer of tissue 
The stroma is seated on the surface layers of the bark just 
beneath the periderm, but the dark line extends through the 
bark and slightly into the wood surface, cutting off an altered 
whitened area of bark tissue, and spreading out as a darkened 
area on the wood surface The penthecia are oblong-cyhn- 
dncal, with rather ahoit stout necks terminating in the flat¬ 
tened ostioles They measuie 400-535 x 250-420 p The asci 
(PI XXI C, Fig 2) are clavate, long-pedicellate, with a thick¬ 
ened, truncate apex, the p sp measures 29-35 x 4 5-5 p, the 
pedicel 40-55 p, and the apex 25 p The spores (PI XXI C, 
Fig 3) are bisenately arranged in the ascus, allantoid, yellowish- 
hyaline, and 8-10 X 2 5 p 

Pycnidia 

Ascosporcs of a specimen of Diatrype mreicens on Fayux grandi- 
folta were suspended in melted nutrient agar, and plates of this 
suspension were poured on December 23, 1921 Twenty hours 
later the spores had germinated by means of long narrow germ 
tubes On January 18, 1922, sprays of ascospores were made on 
Leoman’s agar, and single germinating spores and asci were 
isolated 

Colonies from these spores or asci grgw well on both agar 
No 1 and sugar-oatmeal agar, but produced no fruiting bodies 
On May 3, transfers from a single ascus strain was made to 
beech-oatmeal agar On June 3, spore masees were found in 
these cultures They were apparently open acervuh which were 
at first imbedded in the superficial, cottony weft of mycelium 
(PI XXI C, Fig 4) The exposed spore masses were of a deep 
orange color, from 2-1 mm. m diameter, and often confluent 
The acervulus contained a compact mass of filiform, one-celled, 
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hyaline spores, slightly bent, and measuring 23-34 x 1-1 5 n, 
these spores were abstnctcd from the tips, and sometimes from 
the sides, of the intertwined hyphae beneath 

On May 26, sterilized beech twigs were inoculated with 
mycelium from a single aseus culture and stored in a cold room 
(below 10° C) over the summer This culture developed under 
comparatively dry conditions, and showed very little superficial 
mycelial growth, while a second one, made on November 16 
from a single aseus and transferred to sterilized beech twigs, was 
kept under moist conditions and gave a prolific growth of 
mycelium Both cultures were examined on February 6, because 
of the difference m moisture conditions, the structural variations 
in the two cultures were quite wide, but showed themselves to 
be due to the relative development of certain common tissues 
In the drier culture the pustules were entirely covered by the 
periderm (PI XXII C, Fig 5), and the spores were emitted 
as spore horns In vertical section large masses of spores were 
observed, which had been cut off from a broad, but rather 
scanty, hyaline, stromatic tissue seated just beneath the 
periderm 

In the moist culture, on the other hand, the growth of this 
mycelial stroma was greatly stimulated, with the result that 
it pushed up through the periderm, forming a Tuberculana-like 
cushion on the surface (PI XXII C, Fig 6) The spores were 
abstrioted from the surface of this stroma Spores were also 
cut off m the interior of this stromatic mass, in which indefinite 
chambers were formed, which, however, usually opened to the 
extenor The spores (PI XXII C, Fig 8) were filiform, hyaline, 
slightly bent, and measured 23-31 x 1 n They were bora on 
filiform comdiophores 26-30 n in length 

On account of the wide vanation of the imperfect stage under 
culture conditions, it could be placed in widely differing groups 
of the fungi imperfect! For this reason the form is not referred 
to any particular genus at present 

So far as can be determined, the imperfect stage of D. 
mreteens has never been published, this is at least the first 
cultural connection by means of single spore or aseus strains. 
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DIATRTPBLLA FBOSTII Pk 

Penthecia 

The perfect stage of Diatrypella Frostn Pk, as it appears 
on Acer saccharum Marsh , forms hemispherical, or longitudi¬ 
nally elongated, pulvmatc pustules, 8-2 mm long, which are 
often confluent in longitudinal rows These pustules are erum- 
pent, and form a small disc, which is at first yellowish-green 
and pulverulent, but soon weathers to a dirty grey The disc 
contains 2-6 circular, flattened, and often sulcate ostioles In 
vertical section (PI XXII D, Fig 1), the penthecia are seen to 
rest upon the inner bark, and lie buried within the penderra 
which is raised into a pulvmatc pustule The penthecia arc 
spherical, 500-800 p in diameter, with thick walls (23-28 p), and 
are surrounded by a thin layer of a yellowish-green substance 
like that of the disc A ragged dark line extends down from 
each side of the stroma through the bark cortex to the surface 
of the wood, here it spreads out as a darkened stratum between 
bark and wood The area of bark cortex within this line is 
lighter in color than the remainder of the bark The asci 
(PI XXII D, Fig 2) are polysporous, broad-clavate, long- 
pedicellatc, and with an acute, thickened apex, the spore-beanng 
portion measures 98-100 x 15-16 p, while the pedicel is 50 p long 
The spores (PI XXII D, Fig 3) are crowded in the ascus They 
are small, allantoid, yellowish-hyaline, and measure 5 6x1 5-2 p 

Pycntdta 

A culture from a single ascospore transferred to sugar oatmeal 
agar on February 1 showed the imperfect stage on June 3 On 
thiB agar the pyemdia were irregular spherical bodies, often con¬ 
fluent or compounded into larger masses The locules also 
varied, the simple and what may be called normal ones were 
spherical, with a thick black parenchymatous wall, these by 
confluence often became irregular or even labarynthiform and 
opened to the extenor by a wide exit The spores were born 
on an inner layer of hyaline, filiform comdiophores, 26 p long 
The spores were long-filiform, hyaline, one-celled, vanously 
curved or bent, and measured 18-30 x 1 p The comdiophores 
arose from all parts of the wall. 
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On November 17, 1922, sterilised beech twigs were inoculated 
with mycelium originating from single ascospore cultures By 
the latter part of December spore horns appeared on these twigs 
and an examination on January 28 showed pycnidia (PI XXII I), 
Fig 4) These originated from a stromatic patch of mycelium 
immediately beneath the periderm and soon developed a pycni- 
dial cavity The cavity was bounded beneath by a somewhat 
darkened area of bark cells and above by the periderm The 
interior was lined with a layer of hyaline, proscnchymatous 
tissue (PI XXII D, Fig 5) bearing the filifoim comdiophores, 
which measured 20-26 x 1 m This conidiophorous tissue often 
formed minute projections into the pyemdial cavity The inner 
surface of the periderm also bore a thin layer of this fertile 
tissue with spores The spores (PI XXII D, Fig 6) were fili¬ 
form, hyaline, curved, and measured 30-50 x 1 5 jlc, and wore, 
therefore, longer than those on agar ' 

Under moist conditions m the test tube cultuies, a stromatic 
mycelial cushion often formed on the twig above the immersed 
locule In this stroma a second cavity arose, often connecting 
with the one beneath the periderm In these casos a thick dark 
wall developed about the pyemdial locule m the stroma The 
spores were pushed out through a pore m the form of a long, 
orange, thread-like spore horn 

The structure of this fructification is simihar to that of 
Quaiemana Persoonn , except that on agar it forms a thicker 
and darker wall, and on twigs a more definite layer of comdio- 
phores is formed on the under side of the upper pendermal wall 
No connection of any imperfect stage with D , Frostn has ap¬ 
parently been made up to this time 

valsaria exaspehans (Gerard) E & E 

Penthecia 

The stromata of the perfect stage of Vdsana exasperans 
(Gerard) E. & E on Acer sacchannum L are arranged in longi¬ 
tudinal rows and are often confluent for long distances (1- 
10 cm) They are pustulate, 1-1 5 mm. high, and terminate 
above m an elongated, brownish, pulverulent disc, .8-1 x mm. 
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in diameter, by confluence the disc may exceed this length 
The ostioles are hemispherical, black, punctate, and he scattered 
in the stromatic disc In vertical section (PI XXII E, Fig 1) 
a definite, oval or elongated stroma of strongly altered bark 
cortex can be seen lying on the surface of the inner bark just 
beneath the periderm The stromata are mouse-grey within, 
and darken towards the margin, but there is no darkened aiea 
in the host tissues beyond The peritheem are irregulaily 
elliptical, 300-400 x 180 -250 /x, with walls 8-10 ju thick, long 
narrow necks, and arranged m an irregularly polystiehous man¬ 
ner within the paler area of the stromata The asci (PI XXII K, 
Fig 2) are long and cylindrical, with a shaiply constricted, 
pedicellate base, and measure 100-120 x 10-11 m The spores 
(PI XXII E, Fig 3) are umseriate, broadly fusoid, two-eelled, 
brown, constricted at the septum, with blunt ends, and measure 
13-15 x 8-9 p» The paraphyses are long-filifoim 

Pycmdia 

Sprays of ascospores from penthecia on Acer saechannum L 
were made on December 1, 1922 upon Leowan’s agar Forty- 
eight hours later spores were found well along in germination, 
the mycelium which was formed was characteristic of both 
species of Valsana studied A dense colony of radial many- 
br&nclied hyphae appeared, which soon developed numerous 
smaller lateral branches, and these m turn proliferated rapidly and 
broke up into an oidia-hkc formation About this time brown¬ 
ish hyphal branches began to be formed The colonies showed 
scanty superficial growth except at the margin of the colony 
Transfers to plain infusion agars of Acer and Quercus bark pro¬ 
duced only a very scanty mycelial growth of superficial hyphae 

Ten days after transfers were made td plain oatmeal agar 
from the spray mentioned above, hemispherical stromatic bodies, 
1-3 mm* m diameter, were formed on the surface of the agar, 
and about four days later, large, brilkant-vemullion spore masses 
were found exuding from these stromata* After spore formation 
had begun, the mycelium took on a pinkish to yellowish color, 
at first m spots, and finally over the entire culture* This 
coloring of the mycelium was also noticed at the apex of the 
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stromata formed on wood under moist conditions The locules 
were numerous and labarynthiform, and were formed in a dark 
black, ovoid or spherical stroma, 1-3 mm m diameter, which 
was in turn imbedded in the superficial weft of mycelium The 
stromata were often confluent The walls of the locules were 
composed of a dark pseudo-parenchyma with a few layers of 
lighter-colored cells lining the cavity, from which the fertile 
conidiophore layer arose The conidiophores, measuring 13- 
15x2/i, were hyaline and somewhat swollen in the central por¬ 
tion so as to appear like ten-pins in shape They abstncted the 
conidia from their tips The spores were minute, oval, hyaline, 
1 5-1 75 x 1 Mi and were produced in enormous quantities 

On January 17, 1923, sterilized twigs of Acer sacckannum L 
were inoculated with mycelium from a single aacospore culture 
of Valsaria exasperam On January 30, the stromata were 
noticed near the point of infection, and 5-6 dayB later were 
forming throughout the length of the twigs The moisture con¬ 
tent of this culture was high, and hence large spherical, super¬ 
ficial stromata, 2-5 mm in diameter, with a thick, superficial, 
upright, hyphal growth were formed. The stromata originated 
beneath the periderm, but broke through and were soon entirely 
superficial The interior structure was identical m all respects 
with the stromata formed on agar 

Since the pycmdial stromata were many-chatnbered, labaryn¬ 
thiform, and bore oval, hyaline spores, this stage must be 
referred to the form-genus Cytosporolla. So far as has been 
ascertained, this is the first time an imperfect stage has been 
connected with the life-history of Valsaria exasperans 

valsaria iNsmvA Ces & de Not 

Penthecia 

The stromata of Valsaria tnsitiva Ces & de Not. appear as 
small, swollen, pulvinate pustules raising the periderm of its 
host into irregular elhptioal swellings 1.5-2 mm. in diameter and 
often confluent over wide areas. Minute, circular discs, con¬ 
sisting of stromatic plugs are scattered over the fruiting area 
in what seem to be an irregular fashion; this appearance is due 
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to the fact that many aberrant plugs are formed which do not 
connect with the perithecitt, or do not even occur upon a stroma. 
The numerous flask-shaped penthecia, 300-500 x 200-300 p in 
diameter are, however, arranged m a emanate manner in the 
shghtly altered bark Their necks all point toward, mid are 
connected with, a central pore, which perforates one of the plugs 
previously mentioned, and is capped by a four-sulcate, black, 
carbonaceous ostiole The stroma rests on the surface of the 
wood, which is more or less blackened, often forming, as seen m 
vertical section (PI XXIII F, Fig 1), a definite dorsal line 
running between the bark and wood This hne here and there 
penetrates deeply into the wood in a ragged manner The 
stroma becomes carbonaceous and brittle-crumbly with age 
The asci, which are cylindrical, measure 100-120 x 8-10 p The 
paraphyses are filiform and rathei numerous The spores are 
broadly fusoid, two-celled, brown, constricted at the septum, 
with blunt ends, and measure 13-17 x 6 6-8 p 

There is some variation in the spores and asci on different 
hosts Saocardo has separated out the two following forms (6) 
form Linderae Sacc. on Lmdera benzoin Blume with asci 95- 
120 x 14-15 p, and spores 16-18 x 8-9 p, form Colutae Sacc 
on Colutea arborescem L with asci 100-120 x 11 p, and spores 
16-18 x 9-11 p 

Spore measurements made from specimens collected on the 
following hosts were found to be as follows on Cercis canadensis 
L , 15 5-17 x 7-8 p, on Ulmus amencana L , 13-15 5x6 5-7 5 p, 
on Ptelia tnfohata L , 15-16 x 7-8 p, on iAndera benzoin Blume , 
13-15 5 x7 5-9 |it. The specimen on Ptelia tnfohata showed 
practically no raising of the periderm into pustules, the stromata 
were very much flattened Although the spores from Cercis 
tend to be longer in comparison with their width, while those 
from Lindera tend to be shorter than the normal, yet the 
differences are so slight that it does not seem necessary to take 
them into account. 

Pyemdta 

On November 21, 1922, two agar dishes were sprayed m the 
usual manner with ascospores from penthecia of Valsarta innhva 



260 Levm E Wehmeyer 

on Ulmus amencana L Forty-eight, hours later one of the cul¬ 
tures had germinating spores, and was forming radial colonies 
of rapidly growing dense hyphae much as described for Valrnna 
exasperans Transfers of single spores and asci to oatmeal agars 
produced a white, appressed, cottony growth and soon formed a 
blackened area upon the surface of the agar Transfers to plain 
infusion agars yielded a sparse growth with very little aenal 
hyphae The transfers to Acer, Fagus, and plain oatmeal agars, 
of November 26, 1922, had all begun to show hemispherical 
raised areas by December 1 A week or ten days later these 
began to exude orange-colored spore masses Upon examination 
the pycmdial cavities (PI XX11I F, Fig 2) were found to be 
numerous and labarynthiform They were imbedded m a black 
stroma which was surrounded to a greater, or lesser extent, by a 
cottony, mycelial growth, especially under moist conditions. 
The stroma was seated either directly upon the blackened sur¬ 
face of the agar or separated from it by an area of this cottony 
growth The locules were lined with a layer of light-colored cells 
(PI XXIIIF, Fig 3) from which arose the fertile layer of hyaline 
comdiophores, these were somewhat like ten-pms m shape, and 
abstneted from their tips the small, oval, hyaline, one-celled 
spores (PL XXIII F, Fig. 4), measuring 2-2.6 x 1-1.5 p 

The structure of this fruit-body would also place it m the 
form genus Cytosporella. No previous mention of this imperfect 
stage in the life history of V tnsitiva has been found. 

DIAPORTHE FTJRFUHACEA (Fr.) E & E 

Perithecia 

The stromata of Dwporthe furfuracea (Fr) E & E on Tilia 
amencana L. appear on the surface as minute fascicles of 3-6 
ostioles, each fascicle measuring 3-6 mm in diameter The 
ostioles are at first short-conical, becoming long-cylindrical and 
carbonaceous. In vertical section (PI XXIII G, Fig. 1) the 
perithecia are seen to be buned m the unaltered bark tissue 
between the bast fibers They are large, 400-600 p in diameter, 
thick-walled (13-17 p), and with long, narrow necks penetrating 
the slightly stromatic disc,-which is often surrounded by a faint 
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dark line m horizontal section The asci (PI XXIII G, Fig 2) 
are broadly clavatc, with a lefractive nng at the base of the 
thickened tip, and measure 80-120 x 13-18 p The spores 
(PI, XXIII G, Fig 3) are bisenate m the ascus, fusoid, two- 
celled, hyaline, constricted at the septum, filled with several 
large and many smaller oil-drops, and measure 20-30 x 5-8 p 

Pycmdta 

Sprays of ascospores of Diaporthe furfuracea from pcnthrcia 
on twigs of Tilia amencava L were made in the usual manner 
on December 1, 1922 Thirty-two hours later germination had 
begun When spores and asci were transferred, however, to 
Leonian’s agar, very little growth took place during the first 
seven days At the end of that time small colony growths 
liecame visible and were transferred to various media 

A transfer from a single ascospore culture was made to plain 
oatmeal agar on January 4, 1923 About February 15 a forma¬ 
tion of hemispherical stromatic bodies appeared, arranged in 
concentric rings about the point of inoculation They were at 
first mmute and covered with a whitish mycelium, but later 
grew to a diameter of 15-3 mm and the surface became 
blackened by the oozing out of blackish droplets of spores In 
vertical section these stromatic cushions were seen to be com¬ 
posed of an inner, less compact mass of tissue, surrounded by 
the raised discolored tissue of the surface of the agar Within 
this prosenchymatous tissue were seen a few small scattered 
cavities without walls, within which were cut off the spores 
from the ends of the surrounding protruding hyphae These 
spores were elongate-fusoid to cylindrical; hyaline and two- 
celled, A large percentage of them were abnormally bent and 
twisted They measured 15-36 x 4-6 p The entire structure 
seemed to point to an abnormal or unhealthy development, 
which seemed to bo borne out by the results obtained on twigs 

On December 10, 1922, sterilized twigs of Ttlia amencana L 
were inoculated with mycelium from a smgle spore culture of 
Diaporthe furfuracea On January 23, 1923, whitish to yellowish 
spore horns were found emerging from these twigs The first 
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fruit-bodies, formed near the point of inoculation, had an 
abnormal development of the stromatic tissues due to the high 
moisture content of the culture at first, but the fruit-bodies 
subsequently formed showed what seemed to be a normal 
development (PI XXIII G, Fig 4) The spores were formed 
upon a fertile layer within a minute lens-shaped cavity just 
beneath the penderm These locules measured 5-1 mm m 
diameter and .1-.2 mm in height The conidiophores arose 
from a stromatic tissue (PI XXIII G, Fig 5) more or less 
fully developed, at the base of the cavity, and measured 20- 
26 x 2 m* This fertile tissue was arched over by the periderm 
which bore only a few stray conidiophores and spores on its 
interior surface The cavity opened by a pore to the exterior 
The spores (PI XXIII G, Fig 6) abstneted from the tips of the 
conidiophores were long-fusoid to cylindrical, granular hyaline, 
and measured 31-45 x 4-5 fx, They were one-celled when young, 
but became one- or sometimes three-septate at maturity, these 
septa were very faint and often obscured by the numerous oil- 
globules 

This imperfect stage would probably fall m the form genus 
Septomyxa So far as can be ascertained, this connection with 
Diaporthe furfuracea has not before been made 

DXAPORTHE ALBO-VELATA (B & C ) S&CC 

Penihecia 

The stromata of the perfect stage of Diaporthe albchvelata 
(B & C) Sacc on Rhus glabra L appear as scattered circular 
pustules 3-1 mm. in diameter. They are erumpent through 
the penderm as & compact fascicle of cylindrical ostioles, which 
emerge through a whitish disc which is almost obliterated by 
them The ostioles are covered with a white pulverulent sub¬ 
stance, so that the black conical punctate tip appears as a black 
dot. At matunty the ostioles are long-cyhndncal, often some¬ 
what divergent, and later become dirty black In vertical section 
(PI XXIII H, Fig. 1) the spherical or slightly flattened-oval 
perithecia, which measure 250-350 x 250-300 /*, are seen to be 
buried in the very slightly altered bark tissues, and extend 
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nearly to the wood surface The walls are coriaceous, 13-18 p 
in thickness, and the necks are long and rather thick, penetrating 
a stromatic cap which forms the disc, and then elongated to 
form the cylindrical ostioles. The asci (PI XX1I1 H, Fig 2) are 
clavate, and measure 52-65 x 5-8 p The spores (PI XXIII H, 
Fig 3) are bisenate, fusoid, hyaline, two-celled, constricted at 
the septum, with many oil-drops, and, when young, with a small 
evanescent appendage, 2-3 p long, at each end They measure 
14-18 x 2 5-3 p 

Saccardo separates two umseptate forms as Diaporthe albo- 
velata B & C , with spores 20 x 4 p, and Diaporthe siilbotttoma 
(Cke) Sacc, with spores 17-18 p long, and one three-septate 
form as Cdlospora acuteans (Schw) Sacc Ellis (3) unites all 
three of these forms under Cryptoxpora acuteans (Schw), and 
points out that the two extra 9epta in Cdlospora aculeans are 
pseudo-septa, being merely dividing lines between two adjacent 
centers or “nuclei/’ as he calls them This view of Ellis's 
Beems very likely The species would then stand as Diaporthe 
albo-velata (Schw) Sacc 

Pycmdia 

On November 15, 1922, a suspension of ascospores of Dia¬ 
porthe albo-velata from penthecia on twigs of Rhus glabra L. was 
sprayed onto Leonian’s agar On November 16, twenty hours 
later, the spores were found germinating Transfers to plain 
oatmeal and beech-oatmeal agars produced a whitish to yellow- 
ish-brown, granular to fibrous, superficial growth, and m eight 
to ten days began to produce a black stromatic line just beneath 
the surface of the agar About Decipher 1 hemispherical 
raised areas of an olive-brown color began to appear in all of 
the cultures These cushions remained pulvmate on the moistei 
portions of the agar, but when examined some months later 
(March 5, 1923), there were found on the dned portions of the 
agar long stout cylindrical formations These stromatic forma¬ 
tions were found to tie made up largely of masses of elliptical 
light-brown spores mixed in among a sparse growth of brownish 
hyphae, from which they were abstneted. The entire mass was 



264 Lewis E Wehmeyer 

surrounded by a felty layer of the same hyphae The more 
cylindrical type of stroma was composed of loosely interwoven, 
brownish hyphae and contained no spores From later results 
from twig cultures these formations were concluded to be abortive 

On December 6, 1922, several sterilized twigs of Tilia 
americana L were inoculated with mycelium from single spore 
cultures of D albo-velata The first formations at the point of 
inoculation, when the culture still contained a high moisture 
content, were spherical stromatic ones as obtained m culture 
On January 12, 1923, one of these cultures, which was rh a drier 
condition, suddenly produced numerous long, (1-2 mm ) slender, 
black, cylindrical structures (PI XXIII H, Fig 4) which Boon 
became capped with a black spherical mass These sporodochia, 
as they proved to lie, were composed of a long cylindrical stalk 
of tightly interwoven, more or less parallel, brownish hyphae, 
which at its tip cut off numerous brownish spores from the tips 
of the hyphae (PI XX1I1 H, Fig 5) These were cut off in 
such numbers as to form the black spherical mass mentioned 
above The tip of the stalk was sometimes slightly branched, 
but this was obscured within the mass of spores and showed 
only upon microscopical examination The spores (PI XXIII H, 
Fig 6) were oval or slightly fusoid, dilute blackish hyaline, one- 
celled, and measured 6-9 x 2 5-3 fi All stages and variations 
of these structures from the flat pulvmate stromata on agar 
cultures and the thick, cylindrical stromata and sporodochia 
with a stromatic base, to the true sporodochia, were produced, 
the various forms seemed dependent largely on the moisture 
content This imperfect stage has also previously been found 
associated in nature with Diaporthe albo-velata on Rhus twigs, 
and is probably Sporocybe Rhois (B & C) Saco., which occurs 
on Rhus and greatly resembles the form obtained in culture 

In conclusion the writer wishes to express his thanks to 
Dr C H Kauffman foT his helpful suggestions throughout the 
work and for his critical reading of the manuscript 

Univkhsity or Michigan 
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EXPLANATION OF PLATES 

PLATE XXI 

A Diaporthe oncoatoma (Duby) Fck 

Fig 1 Vertical section of penthecial stroma 
Fig 2 Vertical section of pyentdial stroma on Rohmw paeudo-orana 
Fig 3 Vertical section of stromatic pycnidial formation on oatmeal 
agar 

Fig 4 Detail of septum through looulc wall and conidiophore layer 
Fig 5 Ascospores 
Fig 6 Ascus with ascospores 
* Fig 7 Hamate type of comdia 
Fig 8 Fusoid type of comdia 
B Quatemana Persoonu (Peru) TuL 

Fig 1 Vertical section of penthecial stromata 
Fig 2 Ascus with ascospores 
Fig 3 Ascospores 

Fig* 4 Vertical section of imperfect stage on Fagua grandifoha 
Fig. 5 Detail of conidiophore layer and basal tissues 
Fig 6 Comdia 

C DuUrype mreaccn$ (8chw ) Berk 

Fig 1 Vertical section of penthecial stromata 

Fig 2 Ascus with ascospores * 

Fig 3 Ascospores 

Fig 4 Type of locules formed on beech oatmeal agar 
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PLATE XXII 

C DuUrype nreacena (Schw) Berk 

Fig 6 Vertical section of imperfect stage on Fagua grandifoha as 
formed under low moisture conditions 
Fig. 6 Tuberculana-like formation of imperfect stage on Fagus 
under high moisture conditions 
Fig 7. Detail of comdiophore layer 
Fig 8 Comdia 
D. Diatrype&a Froatti Pk 

Fig 1 Vertical section of penthecial stromata 
Fig 2 Arcus and ancoBpores 
Fig 3 Ascospores 

Fig 4 Vertical section of imperfect stage on Fagua grcmdifoba in 
culture 

Fig. 5 Detail of comdiophore layer and basal tissues 
Fig 6 Comdia. 

£ Valaana cxasperan# (Gerard) E.AE, 

Fig X Vertical sectton of penthecial stromata. 

Fig. 2 Ascus with ascospores 
Fig 3 Ascospores 
F Valaana tnathva Ces & De Not 

Fig 1, Vertical seotion of penthecial stroma 

P&ATE XXIII 

F, Valaana tnatfwa Ces. A De Not 

Fig. 2 Vertical section of imperfect stage on Acer mcchannum 
Fig 3 Detail of walls of locules and oomdiophore layer 
Fig 4 Comdia 

G, Dwp&rthe furjuracva (Ft) E AE 

Fig 1 Vertical section of perithedal stromata 
Fig 2 Ascus with ascospores 
Fig 3 Ascospores 

Fig. 4. Vertical seotion of imperfect stage on Pitta ammeana from 
culture 

Fig. 5 Detail of comdiophore layer and basal tissues. 

Fig & Comdia 

H Diaparthe albo-adata (B dc C.) Baoc. 

Fig 1 Vertical section of perithecial stroma. 

Fig 2. Ascus with ascospores 
Fig. 3 Ascospores 

Fig 4. Bporodochia of imperfect stage on Tilta americana from 
culture. 

Fig 6. Detail of spore-beanag hypbae. 

Fig. 0 Comdia 
















SOME ASPECTS OF EQUIPMENT 
OBLIGATIONS 

KENNETH DUNCAN 

There is no other class of railroad securities which in recent 
years has increased more rapidly in amount or which possesses 
a greater number of features of extraordinary interest than 
equipment obligations Yet m spite of the fact that these 
securities now aggregate nearly a billion dollars in par value and 
constitute over five per cent of the total funded debt of Ameri¬ 
can railroads, economists and bankers are probably less familiar 
with them than with any other important group of corporate 
obligations It will be the purpose of this paper to describe 
some of the unique characteristics of equipment obligations, 
to point out the remarkable development in their use, and to 
analyse briefly their financial merits. 

I. NATURE or EQUIPMENT OBLIGATIONS 

In general, equipment obligations consist of bonds, notes, or 
certificates the immediate or ultimate security of which is essen¬ 
tially a hen upon specific lots of railway rolling stock and equip¬ 
ment. They belong to that broad group of securities known as 
purchase money obligations They arose originally to meet the 
needs of indigent railroads for borrowing capital under most 
economical terms in order to obtain essential equipment They 
are peculiarly an American product, and are practically unknown 
except hi the United States and Canada. At first of but slight 
importance, they have come to play a significant rfile m railroad 
finance and to r ep r e se nt the most generally accepted method by 
which additional equipment is financed. 

While in essence equipment obligations are a species of 
mortgage bond, the special character of the security sod the 

0*7 
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peculiar legal forms of the contracts under which they are 
issued warrant us in placing them m a distinct category They 
are unique among corporate securities in several particulars 
Although based on what seems to be the most tempoiary and 
insubstantial kind of security, rolling stock, equipment obliga¬ 
tions are remarkably well secured While the basic contract 
is intended to l>e in effect a mortgage lien, generally great 
care is taken to prepare it so that it cannot be so construed 
at law Unlike other railroad securities, equipment obliga¬ 
tions mature serially over a comparatively short term Fre¬ 
quently the obligation is not that of the railroad company 
which is ostensibly the borrower, and indeed the obligations 
may not appear in the balance sheet of the railroad company at 
all In form, they may be no more than shares of stock or 
collateral trust issues behind which lies only a contract, and yet 
they are often rated “better than first mortgage bonds 99 

In spite of the existence of prior mortgages of the most ex¬ 
plicit and all-inclusive character, equipment obligations are 
usually given a senior rank at law In receiverships and re¬ 
organizations, the acid tests for all corporate securities, they 
have fared better than first mortgage bonds or even receivers’ 
certificates The legal strength of equipment obligations has 
been established indisputably by decisions in the highest courts 
of the country, and has further been confirmed by statutory 
provisions in every state in the Union Although almost never 
listed on stock exchanges, equipment obligations enjoy a ready 
and stable market No other railroad securities reflect to a 
lesser extent the individual financial fortunes of the company 
behind them, and among no other classes of corporate securities 
have even temporary defaults been so rare 

II OCCASION FOB THE USE OF EQUIPMENT OBLIGATIONS 

We may best explain equipment obligations by considering 
briefly the occasion for their use A railroad cihtemplating the 
acquisition of new equipment may adopt one of several alterna¬ 
tive plans for financing the purchase. The railroad might pay 
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for the equipment in cash for the full cost, but ordinarily the 
amount is so large as to make such a procedure impracticable 
A road financially embarrassed, whose need for additional 
equipment might lie most imperative, would be unable to obtain 
the equipment at all, unless credit could be extended Another 
plan might be for the railroad to buy the equipment on the 
strength of its general credit promise, m the same manner as 
current supplies and labor are acquired While thiH plan may be 
practicable for railroads enjoying a high credit standing and 
able to make an early settlement of the debt, in other cases it 
presents serious difficulties Manufacturers of equipment are 
unwilling to extend credit for as long a term and for as large an 
amount as the railroad may desire, and could be induced to do 
so only by the payment of prohibitive interest rates Accord¬ 
ingly, the most feasible arrangement is usually one that will 
allow the seller a lien on the specific lot of equipment sold 

At first thought, one might suppose that a chattel mortgage 
lien on the property would offer the simplest and most desirable 
basis for the transaction In practice, however, this plan is 
rarely used This is because nearly all railroads have prior 
general mortgages outstanding which cover all after-acquired 
property of the railroad company. As title passes as soon as a 
sale is made, the equipment intended to be covered by a chattel 
mortgage would be subject at once to the prior hen of the 
general blanket mortgage, and the chattel mortgage ben would 
be of inferior rank Hence the use of the chattel mortgage is 
practicable only if the railroad company is free to give such a 
first ben — which few railroads are able to do — or if the mort¬ 
gage can be attached to the equipment before its acquisition 
by the railroad Moreover, the feasibihty of using chattel 
mortgages is greatly circumscribed by illiberal statutory pro¬ 
visions with respect to recording in various jurisdictions. 

In order to accomplish the separate financing of the equip¬ 
ment on economical terms, and to give the seller a direct ben 
on the property sold, in spite of the after-acquired property 
clause m a prior mortgage, business and legal ingenuity has 
devised the plan of using a lease or a conditional sale as the 
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basis for the transaction Either form of contract will avail 
to prevent the passage of title to the purchasing railroad com* 
pany until full payment has been made, and will furnish a 
satisfactory basis on which equipment obligations may be issued 


in THE LEASE PLAN 

In the earlier stages of the development of equipment 
obligations, the lease was employed almost exclusively The 
reason was that in certain important jurisdictions, notably 
Illinois and Pennsylvania, a conditional sale of chattel property, 
while valid between the parties concerned, could not be enforced 
against third parties, such as judgment creditors, purchasers 
for value without notice, and mortgagees The conditional sale 
gave the seller inadequate protection But if the agreement 
were drawn as a lease and contained a clause giving the lessee 
an option of purchase, such a contract was held by these courts 
to be of complete validity, even against third parties 

The validity of the agreement was upheld even though the 
rental payments stipulated in the so-called lease were obviously 
merely installments of purchase price, and even though it was 
agreed that a bill of sale should be executed without further 
consideration when the lost rental payment had been met Such 
an arrangement was clearly a subterfuge, but it stood the test in 
the courts of Pennsylvania and Illinois, although in most other 
jurisdictions courts at first were inclined to frown upon the 
device and to give it not greater effect than if it had been a 
conditional sale or a chattel mortgage It is, of course, needless 
to say that nowadays the device has come to be so universally 
used and so thoroughly respected in the courts that there is no 
longer any suggestion of “subterfuge” or irregularity attaching 
to such transactions The plan is now a practical business 
expedient, based on a legitimate legal fiction, and is used alike 
by roads of high and low credit standing. 

Originally the lease was executed in connection with a oar 
trust, which consisted of a special association created for the 
purpose of acquiring the equipment and leasing it to the railroad 
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company at annual rentals sufficient to cover interest on the 
debt, expenses of the trust, and installments of cost, so that at 
the end of about ten years the railroad should have paid a total 
amount equal to the cost The agreement then provided that the 
railroad company was to become the owner of the equipment, 
either without further payment, or on payment of a purely nominal 
sum A trustee was appointed who acted on behalf of the car trust 
association in financial and legal relationships with the railroad 

The plan comprehended essentially two agreements (a) the 
lease contract with the railroad, and (b) a trust agreement , the 
terms of which provided for the deposit of the lease with a 
trustee or trust association, who issued against it a senes of 
certificates declanng that the holder was entitled to a beneficial 
interest m the trust and a proportionate share in the moneys 
receivable from the railroad on account of the lease The 
trustee was empowered to retake and sell the equipment on 
behalf of the certificate holders m event of default m the pay¬ 
ment of rentals 

In most respects, the procedure just outlined is followed 
today m connection with equipment obligations issued under 
what is called the Philadelphia lease plan At present, however, 
the formality of a car trust association is dispensed with, the 
certificates are issued by the trustee to contributors to a trust 
fund, and the railroad company usually adds its guarantee 
directly on the certificates 

The early use of the lease and car trust arrangement gave 
the Philadelphia plan equipment certificates the momentum of 
an early start, and has endowed ttus species of obligations with 
such prestige and has inspired investors wjth such confidence 
that equipment obligations issued under other plans, equally 
secure and much less complicated, have been quite generally 
viewed with a touch of suspicion. 

IV. THE CONDITIONAL SALE PLAN 

During the eighties and nineties, however, practically every 
state in the United States enacted laws regulating the condi- 
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tional sale of railroad rolling stock and equipment, so that now 
the original disability of the conditional sale to secure complete 
protection to the immediate parties no longer obtains In more 
recent years, therefore, the issue of straight equipment bonds 
or notes, based directly on the pledge of a contract of condi¬ 
tional sale, is being resorted to more frequently Equipment 
securities are more and more being issued in the form of direct 
obligations of the railroad, and the lease idea, which many 
courts have been manifestly reluctant to recognize as a lease, has 
tended to disappear Indeed, except with a few important 
roads, such as the Pennsylvania, the Baltimore and Ohio, the 
Illinois Central, and a few others, the lease plan is now rarely 
used, and the simple equipment bond or note is more common* 
Popular impression to the contrary it is immaterial whether the 
basic contract be a lease or a conditional sale, but it is of ut¬ 
most importance that the provisions of the various state statutes 
requiring that such contracts tie recorded should bo scrupulously 
observed 


V. THE EXTRAORDINARY GROWTH OF EQUIPMENT OBLIGATIONS 

The extraordinary success with which equipment obligations 
have been employed is shown by the huge amount of such 
securities that has been issued By 1890, the total of equipment 
obligations outstanding, as reported by the railroads to the 
Interstate Commerce Commission, had reached approximately 
fifty millions of dollars The decade following saw but little 
increase, but with the period of reviving business and general 
prosperity that characterized the first years of the twentieth 
century, there was a surprisingly large amount of new securities 
of this type placed on the market. The obligations outstanding 
in 1905 were more than triple those outstanding in 1900, and 
ten years later the total was almost half a billion dollars 
During the war years from 1915 to 1920, but little new equip* 
ment financing took place, and, as the maturities exceeded new 
emissions, the aggregate of obligations outstanding declined, 
until in 1920 the flood of new issues in post-war financing by 
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the railroads and others, augmented by the extraordinary equip¬ 
ment trusts of that year in which the Government assisted, 
brought the total to a new high mark of approximately three 
quarters of a billion dollars Appreciable amounts of equipment 
obligations have also been issued by switching and terminal 
companies, street and mterurban railways, refrigerator and tank 
car companies, coal and steel companies and the like 

Not only have equipment obligations been increasing ab¬ 
solutely m amount, but they have come to occupy a place of 
increasing relative importance An examination of the statis¬ 
tics discloses the fact that the ratio which the amount of 
equipment obligations outstanding bears to total funded debt of 
American railroads is a steadily increasing one, especially since 
1000 In the nineties equipment obligations comprised about 
1 per cent of the funded debt, but in 1920 about 6 per cent 

VI FINANCIAL MERITS OF EQUIPMENT OBLIGATIONS 

It has been suggested that, so far as the purchasing company 
is concerned, the advantage in the use of equipment obligations 
is chiefly that they make possible an mdependent financing of 
new equipment at an economical cost, irrespective of the finan¬ 
cial status of the company, and that payments for the equip¬ 
ment can be made by regular installments over a numlier of 
years The remarkably low rate of interest equipment securi¬ 
ties bear — ordinarily but little if any greater than that com¬ 
manded by premier mortgage securities of the same company 
— indicates the saving m interest costs which their use makes 
possible. 

From the point of view of the investor, *the merit of equip¬ 
ment obligations lies mamly m the safety of principal They 
possess unimpeachable legal security, and if equipment con¬ 
tracts have been executed and recorded with careful regard for 
existing laws, there is no question but that the holders of the 
obligations! m case of default, may proceed according to the 
terms of the underlying agreement to retake and sell the pledged 
equipment. Such a procedure is quite feasible. On the other 



274 


Kenneth Duncan 


hand, it is only too well known that, m the case of a first mort¬ 
gage hen on the real property of a railroad, such as rights of way, 
terminals, bridges, and the like, it may frequently be quite 
impracticable to exercise the legal right of foreclosure and sale, 
that the hen of the mortgagees may have been emasculated 
through receivers’ certificates issued under older of a court prior 
to foreclosure, and that the buyers of the real property of a 
bankrupt road must often be the creditors themselves In 
contrast to this, equipment pledged under the usual forms of 
equipment agreements cannot be affected by the action of other 
creditors or of the receiver, inasmuch as the railroad holds no 
title Moreover, since railroad rolling stock consists of standard 
units of movable equipment that has a ready market m a field 
in which competitive conditions prevail, the separate disposal 
of equipment is an easy matter 

As long as the equipment pledged is of greater value than 
the obligations outstanding thereon, the safety of the principal 
is assured A railroad must have equipment m order to care 
for its business The remedy of equipment note holders m 
event of default is immediate* and complete Not only would 
the consequences of default mure to the ultimate financial loss 
of the railroad company, but what is probably more serious, the 
deprivation of a considerable portion of its equipment might 
leave it crippled and helpless to continue its ordinary traffio 
operations It is this indispensable character of railroad equip¬ 
ment, the inescapable necessity for its use, coupled with the 
legal right and practicability of its removal from the r ailr oad’s 
premises, that constitutes for the equipment creditor the strong¬ 
est guarantee that default will not occur 

VU ADEQUACY OF SECURITY BEHIND EQUIPMENT OBLIGATIONS 

It u quite necessary that the equity of the equipment note 
holder be adequate, else it may prove more profitable for the 
railroad to relinquish the pledged equipment than to co ntinue 
its payments Unlike most property subjected to a lien for the 
purpose of borrowing funds, railroad equipment depreciates 
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rapidly, frequently needs extensive repaint, is occasionally lost 
or destroyed, in the course of its use strays from the premises 
of the obligor corporation, and sometimes Buffers decline in 
value due to obsolescence or inadequacy Pncep of equipment 
may move downward, beoause of lower costs of production or 
changes m the price level All these considerations must be 
weighed by the prospective note holder desirous of maximum 
security From his viewpoint, the terms of the basic agreements 
must be so drawn, that even under the most extreme and ad¬ 
verse situations, the notes outstanding will not be greater m 
amount than the liquidation value of the equipment 

This protection is obtained by one or more of the following 
three methods (1) an initial cash payment, usually 10 to 25 
per cent of the cost of the equipment, which is made by the 
railroad company at the tune the original purchase agreement is 
signed and which constitutes the initial margin of safety for the 
equipment obligations issued for the balance of the cost, (2) 
the retirement of the issue of obligations by serial maturities, or 
by periodic payments to a sinking fund, and (3), in certain 
extraordinary cases, the subordination of certain notes m an 
issue to others of the same issue. In addition, the trust agree¬ 
ment usually stipulates that the railroad company shall main¬ 
tain the property m good repair, shall replace or deposit moneys 
for all equipment lost or destroyed, and shall maintain insurance 
on the equipment for such contingencies as are ordinarily 
capable of being insured against 

Reasonable caution requires that the cost of the equipment 
should not be exoessive, that payments be liberal, that the term 
be comparatively short, that maintenance and repairs be 
attended to, and that regular reports thereon be forthcoming 
to tiie trustee. The amount of the initial cash payment should 
be large enough to cover the greatest possible depreciation for 
such period until serial payments begin. Moreover, the amount 
of serial payments, either of maturing notes or of payments into 
a sinking fund, as the case may be, should thenceforth be no 
less than the greatest possible periodic diminutions in the value 
of the equipment. Ordinarily, these serial payments will pile 
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up faster than depreciation accrues, and when this is the case, 
the notes of longer term come to possess even greater security 
than earlier maturities of the same issue It should be observed 
however, that this seeming advantage possessed by notes of late 
maturity may be nullified by an unforeseen long-term decline 
in prices of equipment 

The rate of depreciation used in calculating the value of the 
equipment from the viewpoint of complete security to holders 
of equipment obligations, does not necessarily coincide with the 
rate used by the railroad in its formal accounting. The railroad 
maintains its allowance for depreciation account m order to 
recognize regularly charges to expense on account of the eventual 
scrapping of the equipment The primary bases on which it 
fixes its rate of depreciation are the service life, original cost, 
and residual value of the equipment It need not pay attention, 
so far as its depreciation accounts are concerned, to fluctuations 
in the market value of the property nor to potential sacrifice 
sale values. 

On the other hand, the value m which the holdera of equip¬ 
ment obligations are interested is the liquidation value, or the 
possible sale value of the property as second-hand equipment at 
future times, what the specific property will bring at a sacrifice 
sale as used equipment under whatever conditions of market 
prosperity or depression that may then obtain. In fact, strictly 
speaking, no uniform “rate” would be manifest at all In 
effect, note holders must make a series of intelligent guesses, 
based on past experience as to service life, residual value, and 
market fluctuations of railroad equipment of like character, and 
be reasonably sure that the initial payment and subsequent 
serial retirements of obligations by the railroad company are 
ample to keep the notes outstanding at any time well u nd er 
these estimated figures. Liquidation value, particularly in the 
earlier years of service hfe, will be considerably less than or¬ 
dinary book value (cost lees a normal depreciation of say five 
per cent per annum) Not infrequently, however, in banker*’ 
circulars descriptive of equipment obligations, extravagant 
claims are made for the security behind notes of later " nti iriSwi 
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by computing the margin of safety on ordinary book values, or, 
worse yet, by ignoring depreciation altogether 

The fact that the security for equipment obligations rests 
so completely m the worth of the specific equipment itself justi¬ 
fies the generally accepted notion that the general credit of the 
issuing company is of but secondary importance and the value 
of the equipment is of prime importance This is shown 
empirically by the fact that during the winter of 1922-23 the 
equipment obligations of the Denver and Rio Grande, a railroad 
some of whose bonds are in default and whose general credit 
promise is of little value, are selling on a 5 70 per cent basis, 
which is less than 1 per cent higher than the yield obtainable 
on equipment obligations reinforced by the general credit of the 
strongest of roads, such as the Pennsylvania, the Atchison, the 
Chicago and Northwestern, and others 


VIII SOME DOUBTFUL TENDENCIES 

In recent years, there has been a marked tendency toward 
small or no initial cash payments and toward fifteen-year terms 
m equipment issues While prior to 1918 the most usual maxi¬ 
mum term was ten years, since then fifteen-year terms have 
been predominant. One cannot but regard these tendencies 
with some misgiving and regret It is probable, to be sure, that 
the more durable character of modem steel equipment will tend 
to counterbalance this contingency to some extent, and that 
roads, in practically all cases, will continue to make prompt and 
regular payments, certainly as long as solvent, and even if in¬ 
solvent, as king as the unmatured obligatioiu do not exceed the 
cost of reproducing or replacing the pledged equipment with 
other equipment of equivalent service value But it cannot be 
denied that in some respects these more recent equipment issues 
do not afford a* great security of principal as the time-honored 
issues in which the initial payment was not leas than 20 per cent 
of actual oost of the property and in which the maximum term 
did not exceed ten yean. 
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IX POSSIBLE EXTENSIONS IN THE USE OF EQUIPMENT 
OBLIGATIONS 

The suggestion has naturally often been made that the 
equipment trust device might be susceptible of more extensive 
application, and that the acquisition of essential units of ma¬ 
chinery and of standard manufacturing equipment might well 
be financed through the issue of equipment securities 80 far as 
the present writer is aware, however, there is no important issue 
of equipment obligations in which the tangible security has not 
been composed of railroad rolling stock or marine equipment 

There are, moreover, certain inherent difficulties that appear 
to prevent the extensive application of the equipment trust 
principle outside the field of transportation finance, and make it 
highly improbable that equipment obligations will become of 
importance m financing industrial equipment First of all, there 
are no kinds of industrial equipment of aemi-permanqjvt charac¬ 
ter which arc bought and sold m lots large enough to warrant 
the issue of a senes of secunties thereon addressed to the 
general investment market Besides, manufacturing equipment 
ib usually of such a highly specialized character and is often 
subject to such a heavy depreciation due to deterioration or 
obsolescence as to have a very conjectural liquidation value 
Even though physically capable of a fairly long service life, it 
could hardly be regarded as a safe security for any but extremely 
short-term obligations 

Furthermore, in the case of railroad rolling stock, the very 
nature of the use to which it is put scatters the vanous units 
and renders the danger of catastrophic loss negligible, while 
there are few forms of manufacturing equipment or machinery 
which are not concentrated m the same or a few plants, greatly 
magnifying the risk attendant on a disaster. Railroad and 
marine equipment, because it consists of standardised units, 
commands a ready resale market, and its physical character is 
such that it can easily, cheaply, and expeditiously be moved in 
case recaption is necessary No other property possesses these 
advantages to the same degree. Another reason for the absence 
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of equipment obligations among industrial corporations is that 
there is not the compelling necessity for the use of the device 
to avoid the consequences of after-acquired property clauses in 
general mortgages Blanket mortgages are much less common 
among industrial companies than among transportation com¬ 
panies We may safely conclude, therefore, that in spite of the 
remarkable success of equipment obligations m the field of rail¬ 
road finance, they are not likely to be employed to any con¬ 
siderable extent in other financing 

Canton Christian Collkoe 
Canton, China 




THE PRESENCE OF CATARACT STRATA 
IN MICHIGAN SUPPORTED BY FOSSIL 
EVIDENCE 

G M. EHLERS 

So far as known, no exposures of Cataract strata, which are 
regarded as being of Lower Sflunan or Oswegan age, occur in 
Michigan Cataract strata are probably present in the eastern 
part of the Northern Peninsula, and would bo exposed except 
for a covering of glacial deposits. The outcrops nearest to 
Michigan occur on Manitoulin Island, Ontario, other exposures 
are present at several places along the Niagara escarpment 
between Manitoulin Island and Niagara Falls 

In recent years, certain strata, penetrated in drilling deep 
wells in Michigan, have been assigned to the Cataract by the 
Michigan Geological and Biological Survey, because they have 
the same lithological character as the rockB of this formation 
and occupy a similar stratigraphic position. The Cataract age 
of these unexposed strata, based on similarity in lithological 
character and stratigraphic position, is, however, open to 
question, because a younger or oldor age than the Cataract 
may very readily be postulated for these beds 

Fortunately, fossils, which were found in dnlhngB brought 
to the surface in sinking the Henry Ford well at Dearborn and 
well Number 9 of the Diamond Crystal Salt Company at St 
Clair, indicate beyond question the presence of Cataract strata 
in Michigan. These fossils, which were kindly identified by 
Dr, E. 0. Ulrich of the United States Geological Survey, are 
noted in the tables below. The kind of rock and depth in feet 
below tiie surface, from which they were obtained, and their 
stratigraphic occurrence in other regions are also indicated. 

An examination of these tables shows that Setptropora 

»i 
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fustiformis Ulrich and Dalmanella (iff, eugenierms Williams have 
thus far been found only in the Cataract and that Phaenopara 
ezpama Hall & Whitfield has been reported from the Brassfield, 
a very close correlate with the Cataract m time The other 


TABLE I 

Fossils fbom Henry Ford Well, at Dearborn, Michioan 


Names of Species 

Depth and 
Rock Matrix 

Stratigraphic 

Occurrence 

Bryozoa 



Hallopora magnopora (Foerste) 

2415' and 2420' 

Brassfield (Ohio) 

(small variety) 

Greenish-gray 

shale 

Rochester (Ontario) 

Helopora fragihs Hall 

2415' and 2420' 
Greenish-gray 
shale 

Cataraot (New York 
and Ontario) 

Lower Clinton 
(New York) 

Phaenopara tonsteUata Hall 

2415' 

Greenish-gray 

shale 

2415' 

Greenish-gray 

Clinton (New York) 
Cataract (Ontario) 

Phaenopora ervnformis Hall 

Cataract (Ontario) 
Rochester (New York 


shale 

and Ontario) 

Osgood (Indiana) 
Brassfield (Ohio) 

Ellis Bay and Becsie 
River (Anticosti) 
Borkholm drift (Gotland) 

Phaenopara expanaa Hall & Whit¬ 
field 

2405' 

Greenish-gray 

shale 

Brassfield (Ohio) 

Braohiopoda 


Dalmanella off eugenxenna Wil¬ 
liams 

2415' and 2420' 
Greenish-gray 
shale 

Cataraot (Ontario) 


species, which, with the exception of Phaenopara coneteUata 
Hall, were first noted as occurring either m the Cataract or 
Brassfield, seem to have a slightly greater stratigraphic range. 
Considered as a group, however, the fossils represent a typical 
Cataract assemblage. They indicate beyond question that the 
greenish-gray shale penetrated in the Ford well between depths 
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of 2405 and 2420 feet and the red and greenish-gray shales 
encountered in well Number 9 of the Diamond Crystal Salt 
Company between depths of 2770 and 2800 feet are of Cataract 


TABLE II 

Fossils from Well Number 0, 

Diamond Crystal Salt Company at St Clair, Michigan 















A DRILL CORE SECTION OF THE 
SALINA BELOW THE SALT BED OF 
THE DETROIT ROCK SALT COMPANY 

MINE 

JOHN W VANDERWILT 

The Salma formation of upper Silurian age in Michigan con¬ 
sists of beds of salt, shale, dolomite and anhydrite The salt 
beds are the chief source of salt in Michigan 

At Oakwood, Detroit, Michigan, a bed of salt 30 feet in 
thickness, whose base is 1140 feet below the surface, is mined 
by the Detroit Rock Salt Company A geological section above 
and below this salt bed was published by Albert H. Fay 1 m 
1911. A columnar section based on the geological section by 
Fay was subsequently published by Prof. W. H. Sherser.* 
These sections indicate that the Sabna above the salt bed now 
being mined consists of 263 feet of alternating beds of salt and 
dolomite It is interesting to note that the salt bed being 
exploited is the thickest single bed of salt of this part of the 
Sahna section. 

The Detroit Rock Salt Company, by means of a diamond 
drill, has penetrated the Sahna to a depth of 658 feet below 
this salt bed, from which the salt is now being mined. Through 
the kindness of Mr. G. W Ham, manager of the company, the 
writer has received permission to study the drill core. The 
writer’s interpretation of this core is embodied in the columnar 

1 Fear, Albert H. Shaft of Detroit Sait Company. Bng and Mtn. Jour , 
91, MS. 1911. 

* Shsrser, W. H. Qedogical Report on Wayne County. Mich Cool, and 
BioL Butt , Pufc. 12, GooL Ser. 9, Fig. 31. 1911. 

Shwser, W H. Detroit Folio, No. 90S. V. 8. Geol. Sun., Vty. 19. 1917. 

*W 
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section shown m Figure 6 At this tune the writer wishes to 
acknowledge his appreciation of the assistance of Mr G M. 
Ehlere in carrying out this work 

The quantity of salt, dolomite and anhydrite m this section 
is of considerable interest If the very few thin beds of shale 
of the section are included with the dolomite, a considerable 
part of which ib argillaceous, the section is seen to consist of 
268 feet of salt, 219 feet of dolomite and 71 feet of anhydrite 
Although salt forms a considerable part of the eection, no single 
bed of salt attains very great thickness 

Mr Fay is incorrect in showing a bed of salt 369 feet in 
thickness at the base of his geological section An examination 
of the drill core shows beyond question that the material of the 
upper 263 feet of the supposedly thick bed of salt consists of 
Balt with thin beds of anhydrite and dolomite. This part of the 
bed occupies a position corresponding to the lower portion of 
the Upper Salma of the Henry Ford Well* at Dearborn The 
lower 106 feet of Mr Fay’s supposedly thick bed of salt occupies 
a position corresponding to the upper part of the Lower Salma 
of the Henry Ford Well Since this part of the Salma consists 
entirely of dolomite, it seems very likely that the lower 106 feet 
of Mr Fay’s geological section may also be composed of dolo¬ 
mite instead of salt The facts adduced above prove that 
Professor Sherzer was correct in stating in his columnar section 
that the 369 feet of salt would be found to be divided by beds 
of dolomite. 

The section given m Figure 6 is also interesting in showing 
that most of the beds of anhydrite occur in the lower part of 
the drill core This distribution of anhydrite may prove to be 
of significance to the order of deposition, and more especially in 
regard to the determination of the conditions under which the 
Salma formation of Michigan was deposited « 

It Beems probable that this rather detailed section may serve 

1 The excellent and important section of the Henry Ford Well wee 
published by Mr R. A Smith, director of the Mmhipm rw.kJu .1 ^ 
Biological Survey. Smith, R. A Deep Well Bonnge 1 Weft. CM. and Biol. 
Burt Pub 34, CM Ser 30, Pt 3, pp 347-348, Fig 7 1916. 
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as the type for the part of the Sahna formation indicated 
Many beds of the section are probably of widq areal extent and 
very likely will be easily recognised in records of deep borings 
m adjacent regions Several beds of this section are unques¬ 
tionably represented in the section of the Henry Ford Well at 
Dearborn 

University or Michigan 




LINGUISTIC PROCESSES AS ILLUSTRATED 
BY WAR SLANG* 

eugene s McCartney 

The phrase, ‘to swear like a trooper,’ used to be the sole recog¬ 
nition of the linguistic achievements of the soldier Today the 
fourth age of man may still be ‘full of strange oaths/ although it 
has discovered an additional outlet for its verbal originality A 
contemporary Rip Van Winkle who slept through the duration of 
the World War would find bewildering the vast body of soldiers’ 
slang that originated or became familiar during hiB protracted sleep 

Had the war lasted much longer, Esperantists might have 
found a partial fulfillment of their hopes of a uniform language 
in the lingua franca that was developing out of the babel of 
tongues at the front The vocabulary of the British Tommy 
included a number of terms imported from India by England’s 
professional army, a few German words used largely in mockery, 
and many distorted versions of the French In addition many 
of his ‘trenchisras’ had a colonial color. 

The soldier was as fond of his trench talk as a quick-lunch 
waiter is of his lingo, or a baseball player of his Blang, or a 
yeggman of his cant. There were fads and fancies in military 
slang, and the due observance of the little niceties and proprieties 
found its counterpart only in things sartorial Many expressions 
that were in vogue during the early part of the war, having been 
created to meet special needs, were hopelessly out of style at the 
end. Commanders m the rear failed at tunes to*understand fully 
despatches from the front because they had not had opportunity 
to note the latest verbal fashions in the trenches. Some Ameri¬ 
can officers even reoommended that troops familiarise themselves 
in advance with current military slang. 

* I have changed the title of this article einoe its presentation. The 
first foer paragraphs are extracted in almost their original farm from an 
article called Trench TaIk, The 7mm Review, 4; 73-97. 

380 
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The idiom of the trenches manifested the same characteris¬ 
tics as does slang in civil life It consisted of the humor of 
miscalling things; of transfers of names of familiar objects to 
new devices and contrivances, of the creation of onomatopoetic 
words, and of the adoption of foreign words intact or in 
distorted forms The need for emergency words was so great 
that there was neither time nor inclination to despatch legates to 
unabridged Greek and Latin dictionaries in a frantic search for 
roots for new expressions It is said that m soldiers’ slang the 
most successful innovators were the airplane mechanics who had 
once been street gamins in Pans or costermongers in London 

The speech of the educated is apt to be artificial and un¬ 
imaginative and woodcnly correct A soldier in a dugout regards 
linguistic conventions as little as did his troglodytio ancestors 
His slang is not due to 1 lawlessness of language’ for the sake of 
lawlessness, nor to a desire to conceal thought, although it may 
result at times in the mystification of the umnitiate It is to be 
ascribed to his desire for variety and color It is one manifesta¬ 
tion of his response to the stimulus of new surroundings 

Extensive collections of French, German and Austrian war 
slang have been printed in book form Even the Swiss have a 
fairly corpulent pamphlet on the subject Several articles and 
lists of British-Amencan slang appeared during the war, my 
own compilation numbers some fifteen hundred words and ex¬ 
pressions, many of which are war-time creations. 

Amid the throes of the conflict great nations found tune to 
collect material for prospective military museums Future 
generations would doubtless prize as a linguistic museum a 
complete record of the language of the trenches 

The World War has given philologists an unparalleled op- 
portunity to study a vocabulary m the making New ways of 
living and thinking, strange situations and experiences, fresh 
associations and relations with all parts of the world, novel 
methods of fighting and many other circumstanoes combined in 
affecting the speech of belligerents and to some extent of civil¬ 
ians In the eyes of the student of language the special appeal 
of the war-time vocabulary lies in the foot that no other equally 
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restricted period in the world’s history provides so many il¬ 
lustrations of the operation of linguistic principles 

The dictionary has been called a ‘thesaurus of faded met¬ 
aphors.’ The slang vocabulary of the Boldier consists to no small 
degree of metaphors whose vividness and freshness have not 
yet faded The reason a trench helmet was called a ‘tin hat’ 
is perfectly obvious A certain type of howitser was called 
‘grandmother’ because it was short and stout. 'Coal box’ was 
an apt name to apply to a heavy shell which on exploding made 
a cloud of dense black smoke 

These transfers of meaning are no more violent than those 
seen in ‘ace,’ an aviator with at least five victories to his 
credit, and in ‘feather,’ the ripple or wake left by the protruding 
periscope of a submarine, yet the latter words gained technical 
acceptance because they filled a need When the French called 
bullets ‘chestnuts’ ( matrons ) and ‘prunes’ (pruneaux), the usage 
was obviously slang, yet the Roman legionaries named certain 
leaden missiles ‘acorns’ (glandes), and the transfer gamed ready 
recognition because it met a real need. Doubtless the words 
cannon (from canna, a reed or pipe), torpedo (a fish) and 
grenade (pomegranate) were granted a begrudging admission 
to the fraternity of respectable words. The metaphors have, 
however, faded so completely that only the etymologist is aware 
that they once existed. 

If there is a genuine need for a word, it is almost impossible 
to proscribe it In the American navy the term ‘oil-sbck’ was 
applied to the tell-tale streak of ml from the exhausts of sub¬ 
marines running dose to the surface “The British Admiralty 
did not approve of the term at first, but nobody in the 
Admiralty could present a better descriptive phrase, so now it 
is officially recognised, but with due British reservation.” 1 

The change from one part of speech to another is frequently 
illustrated in soldier talk. ‘Crump,’ an onomatopoetic coinage 
for a heavy shell, was employed also as a verb, eg.. "The 
Germans 'crumped’ the village duly.” The transformation of 
anjadjective into a noun may be seen in 'Old Contemptibles ’ 
* Tht Saturday Etening Pott, Oct. 12,1018, p 90 
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It will be recalled that at the outbreak of war the Kaiser spoke 
scornfully of ‘England's contemptible little army' ‘To have 
one’s wind up’ meant ‘to be afraid/ but finally ‘wind-up’ be¬ 
came a compound noun In 1914 General Galhem promised the 
Parisians to defend them jusqu’au bout , ‘to the limit ’ The 
phrase made a strong appeal and those who were determined to 
fight to the last called themselves jusqu’au boutietes, ‘bitter¬ 
enders ’ Even a sentence could be used as a noun Allied 
raiding parties carried with them strands of baibed wire made 
into a noose to be used on stubliorn prisoners These devices 
were dubbed ‘ come-along’s * 

Extension of meaning may be readily illustrated in war slang 
The idea of worthlessness in ‘dud’ was the basis for the transfer 
of this word to apply to an unexploded shell, finally this use 
caused anything worthless, even a person, to be called a ‘dud ’ 
‘To go west’ meant ‘to die/ but eventually a soldier might 
speak of an airplane as having ‘gone west ’ The word ‘camou¬ 
flage/ which is evidently connected with pre-war thieves’ cant, 
se camoufler, ‘to disguise one’s self/ spread like influenza among 
soldiers and civilians ahkq, Toward the end of the war it seemed 
that it might become an accepted word m its non-technical 
sense, but it was overworked to such on extent that people 
dropped it after a short vogue 

The campaign for food conservation, which was aided and 
abetted by placards urging housewives to ‘Serve just enough/ 
and then to ‘Save what’s left/ caused a great extension of the 
suffix -less. ‘Meatless/ ‘wheatless/ ‘porkless/ and the like, 
are forms undreamed of in days of peace-time plenty. At one 
time it seemed that the word ‘Hoovenze’ might struggle for 
recognition, but its popularity died as its novelty waned. 

One might suppose that soldiers among themselves would 
have no need for euphemisms, yet they balked at the word lice. 
This troublesome pest masqueraded under many polite and 
playful pseudonyms, such as ‘cats/ ‘cooties/ ‘coddlere/ ‘pants- 
rabbits/ ‘seam squirrels.’ The French called them graine de 
torticohs, ‘necktwistmg seed’, the Italians, cavalleria, ‘cavalry’; 
the Germans, Btene, ‘bee/ die rusmche Biene , ‘the Russian 
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bee,' Kostgdnger, ‘boarder,’ der russtche Knegsfreiwillige, ‘the 
Russian war-volunteer ’ A pun at the expense of the unfortu¬ 
nate Russian emperor is seen m Nikolduse 

The words ‘sausage,’ an observation balloon, and ‘ace’ are 
translations of the French words as and saucisse ‘Arrivals,’ 
from arnvSes, and ‘departures,’ from departs, are likewise in¬ 
stances of borrowing When a Tommy spoke of machine-guns 
as ‘ pouring out concentrated hate,’ he used the word m a con¬ 
crete sense which goes back through intermediate stages to the 
German ‘Hymn of Hate ’ ‘Punish’ in the sense of shell was 
due to the German use of strafen 

A few illustrations may be given of the way words were 
treated (or mistreated) while undergoing vcmaculanzation 
Vcmaculanzed versions of French are seen m napoo, ‘nothing 
more’ (from Jl n’y a plus, or, n’a p’us), tootfinny, ‘all done’ 
(from tout fint), and in tools sweet, 'hurry up’ (from tout de suite) 
To contact with the people and soldiers of India before and 
during the war is said to be due the introduction of the words 
‘Blighty’ (literally ‘foreign land,’ then ‘England’), ‘char’ 
(tea), ‘dekko’ (a look, or, to look), ‘doggo’ (still, quiet), ‘jildi’ 
(hurry), ‘rooti’ or ‘rooty’ (bread) 

Clipped forms similar to auto and ’phone occur in ‘torp’ 
(torpedo), ‘sub’ (submarine) and ‘hippo’ (le, ‘hippopotamus,’ 
a type of airplane). 

The effect of war-time prejudice is seen m the quick-lunch 
waiter’s substitution of ‘liberty cabbage’ for sauerkraut and 
‘liberty steak’ for Hamburg steak 1 

The impression was prevalent in some quarters during the 
war that the soldiers originated many of the words they used so 
glibly. Thu view obtained with regard to»French slang es¬ 
pecially. Reference to French slang dictionaries will show, how¬ 
ever, that many words made familiar by the conflict existed long 
ago, some of them in the cant of thieves and in the demi-monde 
In Engluh words like ‘kip’ (sleep, bed) and ‘doss’ (sleep, per¬ 
haps from dorsum, ‘back’) seem to be fresh creations, yet they 
are found in a thief's autobiography of over a generation ago. 
Ancestorless words like ‘gas’ are extremely rare. Words do 
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not, Athena-like, spring forth full-grown from the head of a 
l in guistic Zeus There are, however, a few words without 
pedigree in the slang of the soldiers, chiefly those of an onomato- 
poetic character ‘Crumps’ were so named because they made 
a sort of cr-r-r-rump when they exploded Other names of 
somewhat similar origin are ‘pip-squeaks,’ ‘pom-poms,’ ‘whees,’ 
and ‘ whizz-bangs' The potlus called a motor-cycle a teuf-tevf 
and the Germans designated the anti-aircraft gun Wau-Wau 

There is still another type of original word-creation, the 
uniting of the initial letters of several words ThiB occurs in 
‘ Ansae ’ which is derived from A ustralian-.Vew Zealand Army 
Corps * In England a member of the Women’s Army Auxiliary 
Corps was called a Waac’ (written ‘fonetically’ at times as 
‘Waak’) By a partial application of the same principle, 
perhaps under the influence of ‘Waacs,’ ‘Wrens’ came to desig¬ 
nate the Women’s Royal Naval Service 

Popular etymology too has played a part m the war vocabu¬ 
lary A section of the Hindcnburg Line was named after 
Hunding, the rascal of the Nibelung Illiterate German soldiers 
are said to have confused the name with Hundling, ‘little dog ’ 
The German Mmenwerfer, ‘trench mortar,’ has undergone an 
amuBing transformation into mine d faire peur, ‘fear-making 
mine’ and mine de chemtn de fer, ‘railroad mine ’ 

A popular explanation of the name ‘Sammy’ was broad¬ 
casted during the war It is said that American soldiers arriving 
m France and bearing the cries Vive lee amis thought that they 
were being addressed as Sammy. The name, the etymology of 
which seems obvious, was an attempt to find a cousin for Tommy 
Atkins Incidentally the name Sammy illustrates the folly 
of artificial stimulation of words The soldiers detested the 
nickname and Stare and Stripes was unsparing in editorial 
disapproval. It required the efforts of several newspaper pul- 
motors to keep the word from dying an early death. 

Soldier slang makes vivid the manner m which objects 
acquire their names No word can picture fully the sice, s hape , 

• It is said to have originated as a code word in to the 

Sydney Morning Herald. I am told that there are other fat 

this word 
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color and other characteristics of a thing As a rule one promi¬ 
nent aspect is singled out m the naming process and the rest are 
disregarded Various peoples have picked out different traits 
of the squtrrel and named it 'leaf-dweller/ ‘shadow-tail,’ ‘tail- 
m-air,’ ‘chatterer,’ ‘little leaper,' ‘little oak-kitten,* ‘tree-fox,’ 
‘acorn mouse,’ and the like We may see the same principle of 
selection in the naming of the machine-gun Its mechanism, its 
shape, the noise it made, reminded the soldier of so many things 
in daily life that he bestowed upon it a multiplicity of sobri¬ 
quets. The English called it ‘typewriter’ and ‘riveter’, the 
French, faucheuse (‘ reaper ’), machine d coudre (‘sewing machine’), 
moulm d caft (‘coffee-mill’), moulin de rata (‘hash-mill’), turlu- 
tinc (‘titlark’), machine d signer les permissions (‘furlough- 
signing machine’), the Italians, capra, (‘goat’), cavaletta 
(‘locust’), the Germans, Drehorgel (‘barrel-organ’), Fletsch- 
kackmaschinc (‘mincing-machine’), Giesskanne (‘watering-can’), 
Kaffeemuhle (‘coffee-mill’), Mdhmaschine (‘mowing-machine’), 
Steinklopfer (‘stone-breaker’), Stottertante (‘stuttenng-aunt’), 
Totenorgel (‘death-organ’), Weibergosche (‘gossiping hag’) 

The shape and general appearance of certain fruits and vege¬ 
tables have given rise to the following transfers ‘lemons,* 
meaning grenades, ‘pineapples,’grenades, ‘toffy apples,’bombs, 
‘gooseberries,’ wire entanglements, ‘onions,’ flaming shells or 
rockets Illustrations from the French are citron (‘citron’), 
bomb, pommes de terre (‘potatoes’), observation balloons, 
matrons (‘chestnuts’), bullets, pruneaux (‘prunes’), bullets 

If there had been no genenc words for bomb and grenade 
at the beginning of the war, various words that originated m 
fancy or from some superficial characteristic could have supplied 
candidates for the honor, for example, ‘jam-tin,’ ‘cncket ball,’ 
'hairbrush,' 'pineapple,' ‘potato-masher,’ queue de rat (‘rat- 
tail’), tuyau de potle (‘stove-pipe’), tile d Guillaume (‘William- 
head’) 

Animals have been frequently honored in the military vo¬ 
cabulary because some more or less fanciful resemblance to their 
sise, shape, traits, or habits has been seen m various weapons 
and contrivances. A few instances may be died, ‘camel,’ 
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4 dolphin,’ ‘hippo/ ‘penguin/ ‘pup/ all of which are types of 
airplanes! ‘caterpillar/ a tractor, ‘elephant/ an observation 
balloon, ‘flying-pig/ a trench-mortar projectile, ‘whippet/ a 
mobile English tank, in French, chat (‘cat 1 ), the 75-miUimeter 
gun, crapouillot (‘toad’), a squatty trench-mortar, turluhne 
(‘titlark*), a rhachine gun, in Italian, capra (‘goat’), a machine 
gun, locusta (‘locust*), a machine gun, in German, Kettenhund 
(‘watchdog*) and Windhund (‘greyhound'), French 75-rmIh- 
meter shells, Simkwtesel (‘skunk*), a French high explosive 
shell, Bhndschletchf (‘slowworm’), a low-velocity shell, schwarze 
Biester (‘black beasts*) and schwnrze Saue (‘black sows*), heavy 
shells common to the Allies ‘Kiwj/ sometimes written ‘kewee/ 
was the designation of an aviation officer who never left the 
ground The word is properly the name of a New Zealand 
bird, the apteryx, which has only rudimentary wings 

Historical personages are duly honored or dishonored by 
soldier humor Among the French Louis-Phihppe was a trench- 
mortar A member of the military class of 1916, which was 
summoned in advance of its time, was a Mane-Louwe , so called 
in allusion to the fact that at the time of the marriage of 
Napoleon to Marie-Louise, France was calling up boys T$te- 
d-GuiUaume , ‘grenade/ is obviously a reference to the ex-Kaiser 
At the beginning of the war the Italians dubbed the Austrian 
sharp-shooter Cecchmo> the familiar form of the name Francesco, 
l e, Francesco Giuseppe (Francis Joseph) After the death of 
the aged Emperor the name Carltno (‘little Charles’), or the 
pejorative Carluecio, was substituted ‘Big Bertha’ and ‘Long 
Bertha’ are guns named from Bertha Krupp A ‘Jack Johnson’ 
was a big German shell so christened when the colored prise- 
fighter was still champion 

Baptismal names are common, for example, ‘Archibald’ or 
‘Archie/ an anti-aircraft gun, ‘Rupert/ a kite-balloon, in 
French, Rosalie and Josfphtne , ‘bayonet’, Charlotte and Engine, 
the 75-imllimeter gun The English soldier was called ‘Tommy’; 
the Australian, ‘Bill-Jim’, the Scotch, ‘Jock’ Widespread 
propaganda was partially successful in inflicting ‘Sammy’ on 
the doughboy To the German the Russian is ‘Ivan* The 
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German was known to bis Anglo-Saxon opponents as ‘Frits/ 
‘Hans/ 'Heuiie/ and ‘Jerry/ while the Turk was ‘Abdul PaBha ’ 

The gastronomic slang of the soldier is in large measure of the 
same character as that of the civilian In the American army 
dumplings were ‘sinkers’, milk was ‘cow’, pastry as doled out 
by the Salvation Army, ‘ammunition’, beans, with BliceB of 
ham, ‘stars and stripes’, 'com whiskey, ‘gray mule’ or ‘white 
mule’ Among the British ‘bully beef’ was a kind of corned 
beef, early morning tea was called ‘gun-fire/ evidently an 
allusion to the early morning cannonade characteristic of one 
period of the war The French had their singe, 'monkey meat ’ 
Coffee was jus, ‘juice,’ and a bad soup was lamsse, 'dishwater ’ 
The words granite and shrapnel figured largely in the German 
dietetic vocabulary A potato was a feld-grau A familiar type 
of humor was manifested m the Italian suola, ‘sole of a shoe/ 
to describe hard and tough meat Riso e verdura, a soup made 
of rice and vegetables, became in the lingo of the soldier, nso 
e pezze da piedi, ‘nee and foot-cloths/ because of the presence 
of big leaves which resembled the long broad pieces of linen 
that were wrapped around the feet as a substitute for stockings 

Slang, which is often deliberately humorous, incidentally 
gives rise occasionally to an amusing situation At the begin¬ 
ning of the war an English girl told her sweetheart that if he 
did not enlist she would ‘cut him dead ’ A German newspaper 
wishing to illustrate how rampant the war-spint was in England 
told how an English girl said that if her sweetheart did not en¬ 
list she would ‘hack him to death ’ 

In Australian slang ‘dinkum’ means 'on the square/ ‘on 
the level/ At Gallipoli a man dressed m a British uniform was 
giving orders to some Australians Becoming euspicious one of 
them asked “Are you fair dinkum, Major? ” The reply came 
“Yes, I am Major Fair Dinkum/’ The ‘Major’ died soon after 
of “lead in the head ” 

The use of slang gave rise to at least one international mis¬ 
understanding. In British slang a nervous breakdown was 
oalled ‘barbed-wire disease ’ I now quote part of a clipping 
from the New York Times for May 27,, 1918: “Turkish officials 
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that have heard the expression translate it literally Wherefore 
the Turkish government, in ratifying the agreement with the 
Bntish for an exchange of prisoners, stipulated that plain wire 
should be substituted for barbed-wire around prison camps for 
Turks in English territory ” 

Like ordinary dictionaries slang dictionaries have words and 
expressions whose pedigree it is hard to establish It seems to 
mo, however, that there can be but one explanation of the ex¬ 
pression ‘to go west 1 The land of the setting sun is always 
regarded as the land of the dead In pagan mythologies the 
dead have been going west for centuries When Ulysses went 
to the regions of the departed he directed his course westward* 
A very plausible explanation of the word ‘doughboy' is 
recorded in Thornton, An American Glossary 3 “A doughboy 
is a small round doughnut served to sailors on shipboard, gener¬ 
ally with hash Early m the Civil War, the term was applied 
to the large globular brass buttons of the infantry uniform, from 
which it passed by natural transition to the infantrymen them¬ 
selves ” 

A correspondent of The New York Times of Oct 13, 1918, 4 
writes, however “I have known of the term ‘doughboy' as 
applied to infantry soldiers for 70 years, it did not originate in 
the Civil War, but was in use long liefore it in the Bntish 
Army ” Reference to the Oxford dictionary will show that the 
word was applied to ‘ cakes of bread' as early as 1685 

The fruitful time for derivations is when the history of a 
word is lost or shrouded m mist. The following explanations 
of 'doughboy,' culled from various sources, illustrate what may 
be called the ‘mythology of slang ’ 

"I believe that the name comes 'from a Spanish word, and 
was given by the Amencan cavalry to the infantry during the 
old war in Mexico, because the infantry were usually covered 
with dust." 

‘‘Another story has it that dunng some maneuvers m Texas 
an artilleryman, comfortably perched on a gun, saw a soldier 

* Quoting Mrs. Custer, Tenixng on the Plains, p 516 <1888) 

4 Editorial section, p j2. 
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hiking by in the thick, sticky Texas mud The mud was up to 
the shoetops of the infantryman and the upper part which had 
dned looked almost white ‘Say/ shouted the artilleryman, 
‘what are you doing? Walking in dough?’ And so the men 
who march have been doughboys ever since ” 

Still another explanation would make the word an importa¬ 
tion from the antipodes, connecting it with an aboriginal 
Australian murderer named Doughboy. 

Illustrations of miktaiy slang might be quoted ad infinitum, 
but sufficient instances have already been given to Bhow the 
process of vocabulary-building However much one deprecates 
the use of slang m civil life, he can condone it in the case of the 
soldier It affords an index of the soldier’s nimble wit, his 
alertness of mind and receptivity to new impressions In addi¬ 
tion on many occasions verbal humor has acted as a safety-valve 
to pent-up emotions 

The odd and grotesque and whimsical in the war vocabulary 
have been short-lived, or at least have been relegated to the 
barracks since martial topics have ceased to monopolize the 
conversation of every gathering Though a post-bellum edition 
of a large dictionary stressed the inclusion of the verbal crea¬ 
tions of the war within its covers, it can not be said that many 
words have been elevated permanently to the linguistic peerage. 
The technical military vocabulary has, however, been distinctly 
enriched. 

Umivxrsitt or Michigan 
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METEOROLOGICAL DATA, DOUGLAS 
LAKE, MICHIGAN, 1922 

FRANK C GATES* 

The data here reported were obtained during the summer 
of 1922 at the University of Michigan Biological Station on 
Douglas Lake, Cheboygan County, Michigan 

June, 1922 —A rather cold month — the coldest of the 
three years of which there is at least twenty-four dayB record 
The average 60 9° was 4 4° below that average On the 26th 
a freeze occurred with a temperature of 30° at the station and 
as low as 28° in the region nearby This is the first occurrence of 
freezing temperature during the session time. The effect was 
pronounced m the low spots The rainfall was 0 80 inches above 
the three-year average 

July, 1922 — Likewise a cold month, being exceeded in that 
respect only by July, 1920, when the average was 16° lower. 
Although the average daily maximum at the station for July is 
80°, that temperature was reached but six times during this 
month It was by far the rainiest July the station has ever 
experienced. The previous maximum of 307 inches was ex¬ 
ceeded by 2 98 inches Had a severe thunder storm which 
passed two miles north of the station on the 30th gone over the 
station, this July would have been the rainiest month in the 
station history « 

August, 1922. — This month was very pleasant It scarcely 
varied from the average in temperature, but was a little over 
one half of an inch deficient in rainfall 

Considering the eight weeks of station session, the rainfall 
(8.37 inches) was the heaviest of the eleven years of record, 

* Contribution from the Department of Botany, Kanaae State Agri¬ 
cultural College; No. 201. 
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being 0 52 inches above that of 1912, previously the rainiest, 
although m 1922 it took place on sixteen days, whereas there were 
twenty days of rainfall m 1912, 1915, 1920 and 1921. 

In the table following the temperatures are expressed in 
degrees Fahrenheit, the rainfall in inches, the departures are 
from the averages of the eleven years of record, 1912-1922 

METEOROLOGICAL SUMMARY FOR StTMMElt OP 1922 


Month 

Days of record 

Jum, 1922 
24 



August, 1922 
21 

Departure 

Absolute maximum 

87 

87 

-17 

91 

-8 

Average maximum 

71 8 

74 4 

-5 6 

76 6 

-0 1 

Absolute minimum 

30 

42 

+3 5 

45 

+5 

Average minimum 


54 1 

-3 0 

55 9 

-0 2 

Mean temjx*raturc 


64 3 

-4 3 

66 1 

-0 2 

Precipitation 

Days of precipita¬ 

2 92+ 

6 05 

+3 88 

2 27+ 

-0 58 

tion 

0 

12 

+3 

4 

-3 


Kansas State Agricultural Colleges 
Manhattan, Kansas 















THE DETECTION OF DIABETES 

OSBORNE A BRINES 

Wl shall concern ourselves with one small angle of the com¬ 
plex metabolic disturbance known as diabetes This is a disease 
which holds profound scientific interest, yet aside from the 
scientific aspect, every educated individual should be vitally 
concerned and somewhat disturbed over the diabetic situation 
viewed in the light of an important public health problem. It 
is estimated that as a nation we have about a million diabetics 
m our midst, in Detroit there are roughly ten thousand diabe¬ 
tics. But how many of these thousands of people have been 
diagnosed as diabetic? How many know that they have the 
disease? Probably a comparatively small number — likely not 
over a thousand. 

Statistically the incidence of diabetes is increasing rapidly 
and if it continues to increase in the next thirty years as it has 
in the last thirty years it will equal tuberculosis as a cause of 
death Again, according to statistics, if it continued to increase 
in the next two generations as it has in the last generation, it 
would be responsible for almost the entire mortality of the 
world Of course the statistics are incorrect and the apparent 
increase of the disease is due to an increase in the percentage 
of correct diagnoses This apparent increase of the disease will 
continue for a long time or until routine urine Examinations are 
made for each individual once or twice yearly. Statistical in¬ 
crease in the incidence of diabetes simply means greater accuracy 
in diagnosis. 

In New York City the death rate in the last thirty-five years 
has been reduced 60 per cent but diabetes has increased 600 per 
cent as a cause of death. Joslin makes the statement that the 
frequency of diabetes in a community is an index of the intelli- 
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gence o! ita physicians The apparent increase of this disease is 
due, in addition to the improvement of statistics and more 
careful examinations, to the general increase m the duration of 
hfe It has been shown that the average age at death has beta 
practically doubled in the last half a century and, as in cancer, 
the longer a person lives the more liable he is to have diabetes 

It appears that diagnostic methods are improving as is also 
the treatment But the successful treatment of the disease 
depends upon its early detection It is the apprehension of the 
disease in its mild form which will make it possible to maintain 
an individual m a state of health and strength and, provided he 
is somewhat intelligent, to enable him to attain the age which 
he otherwise would without inconvenience to himself other than 
that imposed by a careful diet, a reasonable mode of living, or 
by one or more short courses of insulin treatment 

Diabetes in the past has been considered synonymous with 
glycosuria, and later that idea was modified so that diabetes 
was defined as a disease in which there was a diminished toler¬ 
ance for carbohydrate on the part of the body, or, in other 
words, there was an impaired ability to assimilate and utilize 
glucose, and the statement is usually added that as a conse¬ 
quence glucose is eliminated in the unne As we now under¬ 
stand the disease the immediate cause is diminution m the 
amount of the secretion of the islet tissue in the pancreas and 
the etiology of this condition is unknown except that infection, 
excessive diet, strenuous living, nervous strain, and the Uke, are 
mentioned as possible causes. 

The first part of the definition just given is not very satis¬ 
factory but undoubtedly quite correct and acceptable. Of 
course there are the typical symptoms such as polyuna, poly- 
dipsea, loss of weight, the frequent complications such as the 
easily acquired infections and gangrene, and the aeidoftis and 
coma of the severe types But the second part of the definition 
is not always true Not all diabetics have sugar in the urine, 
in fact about 20 per cent do not On the other hand, about 
15 per cent of individuals having positive urinary sugars do not 
have diabetes So there is an.error of approximately 35 per cent 
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m urinalyses in connection with diabetes and our former crite¬ 
rion of the disease, 1 e , glycosuria, must be modified and applied 
with care So we may merely say glycosuria is a symptom of 
the disease and indeed the most important and trustworthy 
symptom of all 

Of course when we speak of positive and negative sugar 
findings in urine we do not mean what we say at all Our 
understanding of glycosuna has been changed We know now 
that all normal unne contains sugar in amounts usually about 
.1 per cent and sometimes as much as 2 per cent These are 
amounts which are not detected by the ordinary qualitative 
reagents which lack delicacy of reaction We also know that if 
enough carbohydrate is fed sugar will be excreted in the unne 
in most cases. So a sharp hne of demarkation cannot be drawn 
between normal and pathological urines with reference to sugar 
content 

We alBO speak of a urinary threshold for the blood which is 
the lowest concentration of the blood sugar which will cause 
an appearance of sugar in the unne We have, m the past, 
visualized the sugar threshold as being comparable to what takes 
place in the case of a dam in a river The water before the dam 
represents the sugar m the blood and the kidney the dam When 
the blood sugar was normal, or from 80 to 125 mg per cent, 
the level did not reach the top of the dam, but as the concentra¬ 
tion was increased to about 160-180 mg per cent, the sugar 
overflowed into the unne. Now we are forced to imagine small 
holes or a spillway m the dam to illustrate the passage of a 
small amount of sugar normally through the kidneys In 
diabetics the dam is higher than in normal individuals and that 
is the reason why many rather advanced diabetics are sugar-free. 
If their diet is light, and they drink much water, their threshold 
having been increased, their blood sugar may range from 150 to 
200 or even more and the urine be negative. Also the treatment 
of diabetics with a sugar-free unne as the goal lacks accuracy, the 
usual control to treatment does not give the information desired. 

Certain people may be isolated and formed into a group, 
members of which, experience has shown, are especially predig- 
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posed to diabetes Four classes can be made in this group of 
people and we know that, to a varying degree, these classes 
present a tendency to diabetes 

1 Those with a positive urinary sugar This is, of course, 
strong evidence, but further proof should be secured 

2 Where heredity is a factor I think it would lie better 
to say where there is a familial tendency to diabetes, because 
that includes all direct relatives as well as parents and grand* 
parents* 

3 The incidence of diabetes is high among the Jewish race 
and especially the Russian Jews Here there seems to be a 
strong hereditary influence 

4 The obese Obesity and dietary excess precede diabcteB 
in a large number of eases 

Any individual falling into any of these groups should 
receive a careful laboratory examination A urinalysis is, of 
course, the first thing Next is a blood sugar estimation and 
this should be made at fasting level For this we routinely take 
the specimen of blood in the morning before food, delaying 
breakfast to suit our convenience. If the blood sugar taken 
under these standard conditions is above normal, the diagnosis 
is established But suppose, for example, that the unne showed 
a weakly positive or a trace of sugar, or the presence of sugar 
intermittently, and the blood sugar was between 120 and 135 mg* 
per cent Such a finding is quite frequent The physician knows 
about as much with this information before hun as he did in the 
beginning It would be wrong to pronounce the patient free 
from disease and certainly no definite findings are at hand to 
confirm a diagnosis of diabetes This patient probably has not 
a characteristic symptom 

It is just such a situation that makeB the diagnosis of all 
diseases difficult If any disease presents a frank and open case, 
its symptoms are distinct, the condition checks up well with 
the requirements laid down by the text book, and little trouble 
is encountered in arriving at a correct diagnosis. But it is the 
mild attack which most frequently presents the real difficulties 
because of the indefinite appearances and atypical findings* 
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Fortunately m diabetes more delicate methods of diagnosis 
may be easily employed We can accurately measure the 
ability of the individual to utilize sugar, now that accurate 
microchemical methods of blood analysis are available Of 
course this is a physiological test and quantitatively it has its 
limitations, but surprisingly accurate information can be ob¬ 
tained 

The technique of the test is as follows A sample of blood 
is taken before food in the morning One gram of glucose is 
then given by mouth per pound of body weight The glucose 
is dissolved in about 300 mils of water, flavored with lemon 
juice, and served cold At the end of half an hour, one, two, 
three and four hours, specimens of blood are taken, and the 
percentage of glucose estimated The patient voids before the 
test and the percentage of glucose in this specimen is determined. 
Specimens of unne are secured along with each sample of blood, 
and the amount of glueose eliminated during the test is esti¬ 
mated as well as the volume of water taken and the amount of 
unne voided, and these figures compared with the normals 
The blood finding alone will be considered here The 
fundamental principle involved is that m a normal subject, 
after the intake of this amount of glucose, the blood sugar will 
return to normal within three hours 

Case No. 8993. Female Age 22 Family history of dia¬ 
betes Typical normal sugar curve (See Fig 7) 

Case No 9920 Female Age <40 Family history of 
diabetes. Sugar in the blood returned to normal at the end of 
four hours Thu case could be classed as a “prediabetic” or a 
very mild diabetic. This is the most important ^discovery of all 
because, when a diagnosis is made, this early slight modification 
of diet will usually prevent an increased intensity of the condi¬ 
tion. And sometimes, after modification of diet for a period, a 
normal tolerance will return. I used the words “prediabetios” 
and “mild diabetics’* and probably subject myself to criticism 
for so doing, but I think these words are very descriptive 
Case No 8134. Male. Age 54. Trace of sugar upon one 
occasion, but unne was usually sugar-free. Curve shows a 
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moderately severe diabetic This patient probably had sugar 
in the unne at intervals, but one may not discover it at the 
time of examination This man would probably be extended 
life insurance by almost any company even though he would 
make a bad risk 

Case No 7317 Female Age 43 Glycosuria for years 
Usually one half per cent to one per cent of sugar in the unne 
Scared to death of diabetes and subjected self to a rigid diet for 



Fio 7 Graph showing Glucose Tolerance in Diabetes Patients 

a long time This is a case where glycosuria does not mean 
diabetes because the curve shows an unusual ability to assuni* 
late glucose. Such a person would be rejected by a life insurance 
company. This case shows that one cannot afford to stop at a 
uranalysis 

Case No 6216 Female Age 22 Had considered herself 
diabetic for years Was formerly overweight but following the 
institution of a rigid diet her weight fell to 78 pounds. Urine 
always contained between 5 per cent and 9 per cent gbi cofy * , 
General health good before diet restriction, but now 
of weakness. Test shows .an increased permeability of the 
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kidney to sugar and a very good carbohydrate tolerance. After 
the patient was told of her true condition and restriction on diet 
removed, her worrying ceased, she returned to normal weight, 
and did not complain further of ill health 

Case No 10406. Male. Age 28 A severe diabetic with 
marked glycosuria 


CONCLUSIONS 

1 If sugar is found m the unne, a fasting level blood sugar 
should be run to determine whether glycosuria is due to hyper¬ 
glycemia or to an increased permeability of the renal filter. 

2 Glycosuria is not a definite indication of diabetes, but 
hyperglycemia is In mild cases, however, hyperglycemia may 
not be sufficiently marked to furnish conclusive information 

3 If the result of the blood sugar determination still leaves 
doubt, the carbohydrate tolerance of the individual should be 
obtained 

4 Glucose tolerance tests should be made upon the “dia¬ 
betic types’’ in order to detect the disease in the developmental 
stage and thus provide for effective treatment 

5. It would seem that diabetes must soon become a pubhc 
health problem, and that an educational campaign should be 
instituted which would be national in extent in order to impress 
upon everyone the importance of diet and exercise, and to in¬ 
form the practitioner of the means of diagnosis and the control 
of diet. 

JamisoN Clinic 

DvrRorr, Michigan 




THE VIABILITY OF LEPTOSPIRA 
ICTEROIDES IN CULTURE 


PHILIP HADLEY 

Leptospira icteroides, now recognized as the causative 
agent of yellow fever, was first cultivated in an artificial culture 
medium by Noguchi m 1018 The medium was made up of 
serum and salt solution plus either gelatin or agar, or sometimes 
citrated plasma In such media the spirochaetes grew abun¬ 
dantly for a number of weeks or months Using as a basis the 
essential elements of the Noguchi medium, the present wnter 
has attempted certain variations which might enable the spiro- 
chactcs to live in culture for a longer time 

The medium which has given the best results is prepared and 
inoculated as follows. A rabbit is bled from the heart for 15 to 
20 cc of blood, from which the clear serum is separated Of 
this 1 5 cc. is placed with a sterile pipette into a sterile 15 cc 
centrifuge tube To this is added 3 5 cc of stenle physiological 
salt solution or of stenle distilled water. The tube is then 
placed in a water bath at 56° C. and the serum-salt mixture 
partially inactivated by heating for ten minutes. The tube is 
then allowed to cool to about 40° C To the serum-salt mixture 
is then added 1 cc. of melted agar at a temperature of about 
56° C 

The agar is prepared as follows Shred-agar is washed 
several times in distilled water, then dned to a constant weight 
in the oven Of this 2 grams are added to 100 cc distilled 
water and boiled until dissolved, when it is cooled to about 
60° C About 10 oc. of distilled water containing a httle dned 
egg-albumen is then added, stirred in, and the agar again heated 
to 134°-140° C for ten minutes. While hot it is filtered through 
paper and placed m a number of culture tubes each holding 
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about 10 cc It is then sterilized in the autoclave at fifteen 
pounds pressure for fifteen minutes When required for use 
it is melted by boiling and rooled to about 56° C befoic adding 
to the serum-salt mixture 

After the agar has been added, it is thoroughly mixed and 
the tube placed in a 40° CJ water bath where it ib held until 
shortly before inoculation, which is accomplished as follows 

A guinea pig which has been inoculated three to four days 
previously with a livci-mash suspension m sterile tap water of 
Leptoxjnra is killed by a blow at the back of the neck, and 
opened, with sterile instruments, under strictly aseptic precau¬ 
tions If the instruments have been boiled m soda solution or 
borax, the fresh set instruments employed to open the peritoneal 
cavity are first rinsed in sterile distilled water After the body 
wall has been cut through and the sides reflected, a lobe of the 
liver is removed with fresh sterile scissors and forceps and 
transferred to a stenle piece of filter papoi lying on the bottom 
of a stenle Petri dish, where it remains until a tube is prepared 
for removing a sample of liver tissue 

A plugged culture tube previously stenlized m the oven at 
200° C. for several minutes is drawn out m the blast flame to 
give a small segment of thin glass tube about 5 mm in diameter. 
When cool the attenuated portion is notched with a file and 
broken at a point wheic the side walls are parallel The broken 
end w flamed quickly, the cotton plug pushed farther into the 
large end of the tube, and the tube stood on end to cool The 
Petn dish is then opened, and, while the liver lobe is steadied 
with a pair of stenle forceps, the cutting tube is forced through 
the liver tissue at the point of maximum thickness in order to 
cut out a liver cylinder about 4 to 5 mm in diameter and 12 to 
14 mm in length The culture tube is now removed from the 
water bath and oooled to about 25° C The plug is then re¬ 
moved and the loaded end of the cutting tube introduced ckwe 
to the level of the medium The cylinder of liver tissue is then 
gently blown out by putting the mouth over the plugged end of 
the outtmg tube It quickly falls through the medium to the 
bottom of the centnfuge tube, leaving behind it through the 
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medium a cloudy trail of blood If sufficient blood to redden 
the medium has been introduced with the hver cylinder, the 
tube should now be centrifuged at two to three thousand 
revolutions per minute for a sufficient time to throw down the 
blood cells With a sterile pipette sufficient pure sterile paraffin 
oil is now flowed upon the surface of the medium to give a 
depth of one centimeter. The tube is then capped with tin-foil 
and allowed to develop in a darkened place 

If kept at 37° C the growth of spirochaetes comes on more 
quickly — five to six days, — but the organisms do not remain 
so long alive The tiest results are obtained by growing at 
room temperature, or about 24° C The stage of development 
of the spiroohaetes may be observed m samples of two or three 
drops removed by means of a capillary pipette (made of drawn- 
out 0 mm glass tubing), examined with the dark field illumina¬ 
tion. The first samples should tie taken from a point about one 
centunctcr below the surface of the oil 

Ordinarily the organisms can be detected m small numbers 
(two or three per hundred fields of the microscope) within six 
or seven days after inoculation They increase in number during 
the next week or two, usually reaching a maximum frequency 
of 300 to 600 per field after two or three weeks From this 
time on the numbers decrease, so that, when the culture is old, 
it may be difficult to discover an organism even in several 
hundred fields When present m maximum numbers the organ¬ 
isms present the picture of a squirming, wnthing mass in which 
the individual specimens can be seen clearly only at the edges 
In less crowded fields the individual morphology and the forms 
of movement can clearly be studied As a rule the leptospiras 
from culture are longer than those from blood dt tissues Chains 
of organisms attaining a length of 160 to 180 micra are fre¬ 
quently observed 

Division forms are common and always result from fission 
in the transverse plane Leptospira icteroides never divides by 
transverse fission, although fonns are commonly seen which 
appear to give evidenoe of such a form of multiplication A 
mature spirochaete becomes attenuated in or near the middle of 
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its long axis and the daughter cells separate If the separation 
does not occur quickly, one of the daughter cells may come to 
he parallel with the other and the two may become entwined 
while still joined at the tips One of the forms of motion of the 
leptospira is a rapid rotation on its long axis When the atten¬ 
uation preceding division has occurred, both ends of the organ¬ 
ism rotate, usually in opposite directions, and it is this twist 
which usually serves to cause the separation of the daughter 
spirochaetes The most common type of division is that in¬ 
volving the separation of a single elongated organism into two 
daughter cells Frequently in cultures, however, a filament 40 
to 60 micra m length may segment simultaneously into three or 
four daughter cells the length of which may be vanable There 
is some evidence that the granules present at the proximal end 
of the motile segments divide preceding the division of the cell 
as a whole 

Ordinarily the culture medium in which the leptospiras are 
growing remains as clear as before inoculation. When the 
growth is neanng the maximum, however, there appears a zone 
of haziness about one centimeter below the surface of the oil 
Here the spirochaetes are present m greatest numbers. In this 
zone are sometimes observed minute white flecks When these 
are removed by means of a fine, stenle capillary pipette, and 
examined by the dark field illumination, they are found to 
comprise dense masses of active spirocliaetes When the spiro- 
chaetes die they undergo a granular degeneration, surviving for 
a considerable time as peculiar, shadowy, granular V-shaped 
bodies which increase in number as the culture ages. 

During the time that the culture is living there are no 
evidences of chemical reaction produced by the organisms After 
nearly two years the liver cylinder remains intact without any 
appearance of autolysis, there is no detectable change in re¬ 
action except when contaminations intervene. Or dinar ily the 
growth of the leptospiras ceases, and the organisms die, at the 
first sign of contamination. There may be, however, contamina¬ 
tions with certain species of molds which are tolerated by the 
spirochaetes for a considerable time, but eventually they die, 
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for they are highly sensitive to even minute modifications in the 
medium 

Under the conditions of artificial cultivation outlined above, 
cultures may easily be kept alive for a year or more One 
culture which was set up July 4, 1921, is still vigorous at the 
time of writing, a period of nearly one year and ten months 
In this culture the spirochaetes are present at the rate of about 
one per field, and are highly active The culture gives indica¬ 
tion of being in the same active condition at the end of the two- 
year period The cultures do not perceptibly lose their viru¬ 
lence as a result of artificial cultivation One culture Bhowed 
virulence at the end of about one year and mne months With 
cultures of this age, however, several passages through guinea 
pigs are required to establish the virulence on its original scale* 
If sufficient volume of medium is used, it would appear that 
Leptospira icteroides in culture might be kept alive and virulent 
for many years 

University or Michigan 



TRANSMISSIBLE LYSIS OF BACILLUS 
PYOCYANEUS 

PHILIP HADLEY 

A sample of pus from a suppurating lesion on the forehead 
of a patient was cultured for pyocyaneus The culture obtained 
on slant agar presented unusual features The surface growth 
was deeply pitted and corroded in certain parts The pockets, 
which were for the most part round, varied in diameter from 
1 to 5 mm and extended down to the agar substratum In 
these pocketed areas the culture had disappeared When ex¬ 
amined by transmitted light they were transparent, but when 
examined by reflected light they gave a marked indescent effect, 
the color of bronze 

This pocketed culture was plated and yielded two sorts of 
colonies one showed pocketed areas which frequently expanded 
to destroy the entire colony, the other was homogeneous and 
showed no pockets The first type showed a delicate spreading 
growth and produced considerable blue-green pigment, the 
latter showed a more circumscribed and massive growth and 
produced no blue-green pigment When the pocketed or 
“lvtic” colony was sub-plated, it yielded both sorts of colonies, 
hut when the homogeneous colony was sub-plated it yielded only 
homogeneous, non-pigmented colomes When both sort! of 
colonies were subcultured on agar slants, the characteristic 
features were maintained for many generations 

Since this phenomenon resembled the case described by 
Twort 1 for the lysis of staphylococci obtained from glycennated 
vaccine virus, and also certain aspects of the D’Herelle phenom¬ 
enon, a further study was made of tl» pyocyaneus from the 

1 BrUith Lancet, 1016, p 1241 
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viewpoint of a transmissible lytic agent The main results of 
the study are as follows 

1 Filtrates from the lytic cultures possess a lytic action for 
sensitive cultures of pyocyaneus, but not for the original culture 

2 Filtrates from the non-lytic cultures possess similar lytic 
power, but not for the homologous strain 

3 When the lytic filtrate is mixed with a sensitive culture 
and then streaked on agar slants, there appear in the growth 
lytic areas comparable with those described by D’Herelle for 
his Bacteriophage The number of lytic areas is in proportion 
to the strength or amount of the lytic filtrate employed 

4 The lytic agent for pyocyaneus is transmissible from tube 
to tube in senes, but lysis ib not produced as easily as in the 
case of D’Herelle filtrates The pyocyaneus lytic agent does 
not destroy all the organisms in the tube Many survive to 
form the secondary, or resistant strain 

5 This resistant strain is different from the onginal culture 
It is non-pyocyanogenic, less spreading in its growth, and weak 
in its power to digest milk, gelatin and fibnn It may be non- 
motile It is not affected further by the lytic agent 

6 The lytic strain on the other hand maintains a high 
degree of intensity in all of its physiological reactions, and 
retains its motility 

7 When the lytic filtrate is brought to bear on various 
pyocyaneus cultures, they appear to be either sensitive (S-type) 
cultures or resistant (R-type) cultures Strains which can re¬ 
generate the lytic agent may be referred to as lytic or lysogenic 
typo (L-type). 

8 An S-type culture under the action of the lytic agent is 
developed into an R-type corresponding m its essential charac¬ 
ters with the R-type of the onginal pyocyaneus cultute 

9 The lytic agont m broth is destroyed by heating at a 
temperature of 76° C for thirty minutes This temperature also 
destroys the gelatin-liquifying power of the filtrate, due to the 
enzyme, protease. 

10 The lytic power of the filtrates maintains their activity 
m tubes at least for many months 
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These results from the Btudy of the lytic phenomenon of 
pyocyaneus are regarded as demonstrating that this case is 
similar m its essential features to the lytic phenomenon de¬ 
scribed by Twort, and also with the lytic phenomenon de¬ 
scribed by D’Here lie The chief differences between it and the 
D'Herelle lysis is that the pyocyaneus lysiB is a low-speed re¬ 
action. But they are both detemuned by the same ultimate 
cause What this cause may be is not at present understood 

University of Michigan 



IMPROVED PROCEDURE OF KAHN 
PRECIPITATION TEST FOR SYPHILIS 

R L KAHN 

The precipitation test for syphilis proposed by the author 1 
called forth favorable comment from Kcim and Wile,* Herrold,* 
Young, 4 Ide and Smith 1 and others 4-7 Since the publication of 
the preliminary studies, however, several observations have been 
made which led to some changes in the original procedure, also, 
a modified technic has been evolved which is employed as a 
check on the original one The improved method discussed m 
the following r£sum£ embraces both the original and modified 
procedures. 


THE ANTIGEN 

Preparation of Alcoholic Extract 

Beef heart is freed from fat and fiber m the usual manner 
and passed several times through a meat grinder It is then 
Bpre&d on a platter and dned by means of a revolving fan. 
The dried plates are broken up into small particles and ground 
in a mortar or coffee gnnder The ground muscle is then ex¬ 
tracted with ether at ice-box temperature ilntil supernatant 
ether is free from coloring matter Between three and four 

1 Kahn, R L , Arch Derm and Syphti , A 570, aPf§H4, 6 832 1922 

• Keim, H.L, and Wile, U J, J Amer Med Aeeff, 79 870 1922 

• Herrold, R D, J Amer Med Aaan, 79* 957 1922 

4 Young, C C ,J Amer Med Aem , 79 1674 1922, Amer J of Puiite 
Health, 13 96 1923 

' Ide, S and Smith, G J, Arch Derm and Syphil , 6 770 1922 

• Holmes, J A, J Mo State Med Astn , 19 479 1922 

7 Levin, Wm., J Kane State Med Aeon , 23 4 1923 
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ether extractions will bring this about At the end of the final 
extraction, the ether is filtered off and the ground muscle dried 
for some hours at room temperature until free from ether odor 

Given quantities of dried material are placed in Erlenmeyer 
flasks A quantity of 95 per cent alcohol equivalent to five 
times the amount of dried material is added to each flask The 
extraction is earned out m the ice-box from nine to ten days 
After that penod, 10 c c of supernatant extiact is pipetted into 
a large test tube and the color compared either with some anti¬ 
gen that is known to give good results or with the following 
approximate color standard 

1 A solution is prepared containing 0 5 gm. potassium 
bichromate (K 2 O 2 O 7 ) m 100 e c distilled water (permanent 
standard solution) 2 One c c of thiB solution is mixed with 
75 c c distilled watei 3 Ten c.c of solution 2 is measured 
into a tube of the same size containing the extract to be tested 
and the colors compared 

If the amount of coloring matter in the new extract is weaker 
than in the standard, room temperature or incubator temperature 
for some hours or overnight may be resorted to until coloring 
matter is brought up to that contained in the standard If 
the color of the new extract is the same or more intense than the 
standard, the extraction may be considered completed The ex¬ 
tract is now filtered off and is kept in the dark at room tempera¬ 
ture as stock solution This extract will keep for at least a year 
and possibly for many years 

Antigen prepared from ground heart muscle kept for some 
weeks or months docs not give as sensitive results as that pre¬ 
pared from material freshly ground and dried It has further¬ 
more been observed tliat the non-specific sediments in negative 
sera following incubation of serum and antigen are due to im¬ 
purities m the extract These impurities are caused, in most 
cases, by excessive contact of the extract with cork or rubber 
stoppers 

The use of an alcoholic non-cholestcrmized antigen for this 
test has been discussed m previous studies. Further investiga¬ 
tions are under way At pr&ent, in routine work, the use of a 
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cholestenmzed antigen only is recommended and the procedures 
discussed below apply to this type of antigen. 

Cholestenmzation of Antigen 

A given amount of extract is measured into an Erlenmeycr 
flask and a quantity of cholestenn added to render it a 0 4 per 
cent solution The cholestenn is dissolved by warming in a 
water bath with gentle rotation The solution is then filtered 
to remove impurities and is ready for use 

It is well to cholestennize amounts of extract which will 
be likely to last for about a month or two only Such extracts 
show a tendency to become slightly less sensitive oil prolonged 
standing 

If a given extract is incapable of holding m solution 400 
mg of cholestenn per 100 c c at room temperature, the mixture 
should be kept m the incubator in the dark and the tendency of 
the crystallization of the cholestenn will thus be avoided 

„ PROCEDURE I (ORIGINAL) 

Dilution of Antigen for Tests 

The following method of diluting the antigen with salt solu¬ 
tion is somewhat simpler than that desenbed in the earlier 
communications 

1 The amount of antigen required for the tests is measured 
into an agglutination tube of about 0 8 cm diameter 

2 Three times the amount of salt solution is added to a 

similar tube. , 

3 The saline is poured into the antigen tube with reasonable 

rapidity and the mixture is immediately poured back into 
the original antigen tube ^ 

4 This mixture which is opalescent and shows bo signs of 
turbidity is now ready for use, although there is no harm 
in further mixing back and forth. 
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The Test 

Three tenths c c of serum previously inactivated for half 
an hour at 56° C is measured into a small tube and 0 05 c c 
of antigen-salt solution mixture is added to it, and shaken for 
about a minute or more Known positive and negative sera 
should be used as controls The tubes are observed for spon¬ 
taneous reactions and the final results are read after overnight 
incubation at 37° C Best results are obtained with sera that 
are comparatively fresh and clear, and to which sheep cells (for 
removal of natural amboceptor) have not been added A serum 
control consisting of 0 3 c c of serum with 0 05 c c salt solution 
should accompany each test 

Increasing Sensitiveness of Test 

If an antigen, after testing with a number of syphilitic sera, 
appears to lack sensitiveness, the following simple steps will 
help overcome this difficulty 1 The salt solution is chilled by 
keeping it in the ice-box before mixing with antigen This 
renders the final antigen-salt solution mixture somewhat less 
stable than mixtures prepared with salt solution kept at room 
temperature 2 Instead of mixing 3 parts of salt solution with 
1 part of antigen, 2 5 parts and, in isolated cases, 2 parts of salt 
solution are mixed with 1 part of antigen This increases the 
instability of the final mixture with reference to precipitation 

With most cholestenniscd antigens, 3 parts of salt solu¬ 
tion represent the minimum amount which will bring about an 
opalescent mixture In some cases, however, 25 and even 2 
parts of salt solution may still produce an opalescent mixture 
and may therefore be used with safety The important thing to 
keep m mind is that the antigen-salt solution mixture used in 
the tests must show no signs of turbidity An antigen mixture 
showing even slight turbidity at the time of using in the tests will 
be likely to give false weak reactions. 
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PROCEDURE II (MODIFIED) 

Dilution of Antigen for Tests 

1 A given amount of antigen (depending on number of 
testa) is measured into a small tube and an equal amount 
of salt solution is added to it from a tube of similar size 

2 This is mixed and centrifuged for about ten minutes — 
until the supernatant fluid is practically clear and a 
white precipitate is settled on the bottom of the tube 

3 The supernatant fluid is poured off and discarded and 
the amount replaced with salt solution. (Ex 0 5 cc 
antigen is mixed with 0.5 c c saline and centrifuged 
Supernatant fluid is poured off and 1 c c saline added ) 

4 On mixing, the precipitate is redissolved m the salt solu¬ 
tion forming a milky opalescent mixture with no trace of 
a precipitate This mixture is then ready for use 

The Test 

Three tenths c c of serum, previously inactivated for half an 
hour at 56° C., is measured into a small tube and 005 c.c of 
new antigen mixture added to it The tube is shaken for about 
a minute. Practically all tubes will become slightly cloudy, but 
those showing spontaneous reactions will show definite precipi¬ 
tations in clear serums The final reading m this case also is 
taken after overnight incubation at 37° C. 

Increasing Sensitiveness of Test 

Instead of adding salt solution to antigen in the following 
proportion' — antigen, aalt solution - 1 . 1 *as outlined, it 
will be found in some cases that one may mix as follows.— 
antigen salt solution - 1 0.75 and still obtain an opalescent 

solution on mixing salt solution with the precipitate formed after 
oentnfugation. In such cases, the latter mode of mixing antigen 
with salt solution will give more sensitive results, so sensitive 
indeed in many cases that questionable reactions may safely be 
considered negative 
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It is to be remembered, however, that in isolated cases, it 
may be necessary to mix in the following proportions — antigen 
salt solution - 1 1 25 The final antigen-salt solution sus¬ 
pension which is added to the serum, while milky, must be 
opalescent and entucly free from any suggestion of a precipitate 


THE READING OF RESULTS 

The results are read in accordance with the following scale. 

1 One or more large clumps « ++++ 

2 Large sized floccuh + + + 

3 Moderate sized floccuh or granules - ++♦ 

4 Small flocculi or granules «* + 

5 Very small floccuh or granules « ± 

It is recommended in reading the results that all tubes show¬ 
ing the presence of definite clumps or heavy precipitates in both 
procedures, be first picked out and set aside in a special rack 
These are the definitely positive reactions (+ + + + and + + +) 
and can be read with very little difficulty. The remaining tests 
carried out with Procedure 1 are read as follows 1 Slant the 
tube to such an extent that it is almost horizontal This causes 
the fluid to spread into a thin layer 2 Hold the slanted tube 
some inches above the level of tho eyes 3 Focus against some 
dark object such as the lower pail of a window shade 4 Ob¬ 
serve whether the thm layer of fluid is entirely clear or has fine 
particles evenly distributed When employing older serums, 
one will occasionally encounter precipitates settled on the bottom 
of the tubes These are serum precipitates and will be present 
also m the serum controls Furthermore, alight shaking will 
render these precipitates quite invisible. 

All remaining tubes of Procedure II receive one cc (or 
15 cc.) of salt solution each and rack is gently shaken and 
permitted to stand about ten minutes The negative tests show 
opalescence while the positive tests show the presence of pre¬ 
cipitates. At this tune it is well to add the same amount of 
salt solution to the serum controls and thus eliminate the 
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questionable precipitates due to the suspending of the serum 
sediments in salt solution The latter may occasionally be 
used with advantage also in diluting some tests carried out with 
Procedure 1 

The results of the two methods outlined check very closely 
In isolated cases where there is disagreement, the average find¬ 
ing of the two methods is taken as the final results 

Although the final results are read after overnight incuba¬ 
tion, it will be found that the strongly positive serums either 
react spontaneously after adding antigen or show the presence 
of definite precipitates aftei several hours incubation From 
fifteen to seventeen hours is more than ample for incubation 
Prolonged incubation beyond these hours is to be avoided An 
element which will give false weak reactions, particularly after 
prolonged incubation, is the employment of tubes which will 
permit considerable evaporation of the serum during the incu¬ 
bation period Agglutination tubes having an inner diameter 
of about 0 8 cm will give best results Any procedure which 
will reduce the element of evaporation during the incubation 
period will be found to improve the test In this laboratory 
we place the racks in sealed copper containers and add wet 
sponges to supply moisture By this means evaporation is 
reduced to a minimum 

We have not found it necessary to employ sterile salt solu¬ 
tion Chemically clean but not sterile precautions are required 
in this test 

Since the presentation of this paper additional improvements 
have been evolved in this test Those interested are referred to 
Rapid Precipitation Phase of the Kahn Test for Syphilis , Journal 
of the American Medical Association , 81 88, 1928 

Bureau or Laboratories 

Michigan Department of Health # 
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THE QUANTITATIVE ESTIMATION OF 
BACTERIOPHAGE 


M S. MARSHALL 

The many source* of the bacteriophages or lytic principles 
show that they vary m their nature They may attack one or 
another species of bacteria, or, what is more common, vary in 
their attack upon different strains of the same species Further¬ 
more, they may vary in potency, energy content, or virulence 
It is hence desirable that there be some means of measuring the 
lytic power of these lytic agents. 

In the lytic principle it seems probable that we are dealing 
with a colloidal unit As arguments for this might be advanced 
four experimental facts: 

1 If an agar slant or plate be inoculated with a sufficiently 
heavy mass of culture of a strain attacked by the lytic principle, 
together with a small amount of this lytic principle, there are 
produced circular areas where no growth occurs 

2. If an agar tube be mixed, while still liquid, with a small 
amount of lytic principle, and then slanted and inoculated with 
a small amount of culture, so small that individual colonies will 
be developed, some of these colonies will be not circular but 
“pie*ehaped,” as it has been expressed, ie., circular with a 
sector removed. It would seem that the colony in devetoping 
normally had encountered some sort of an inhibiting unit local¬ 
ised at the focus of the lysed or inhibited sector. 

3 D’Herelle has mentioned ultramicroscopic granules which 
suggested themselves to him as being related, at least, to the 
bacteriophage, inasmuoh as they seemed uniform in size, and 
numerically in a ratio proportional to the potency of the bac¬ 
teriophage he was examining. 
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4 The presence of bacteriophage may be easily demonstrated 
in a dilution of a trillion of a potent strain of bacteriophage 
If we should, as may easily be done, take a bacterial suspen¬ 
sion m a concentration of a trillion organisms per cubic centi¬ 
meter, and make dilutions in broth, there would be growth in 
a one to one trillion dilution of the suspension, indicating the 
presence of bacteria in that dilution On the other hand a ten 
millionth normal solution of HC1 or of NaOH is considered to 
be practically equal to water, that is, this dilution is too 



Fui 8 Sketch illustrating the lines of colony development of a Shiga 
dysentery meeting an anti-Shiga lytic principle unit 


great to show the effective presence of HC1 or of NaOH. 
If we calculate from the number of particles in an ordinary 
colloidal solution, it may be shown that the concentration 
per cubic centuneter of these particles is of the same order as 
is shown by the limits of dilution m which the presence 
of lytic principle may be demonstrated, that is, about one 
trillion 


There are other arguments which bear out the particulate 
structure of the bacteriophage. 

In the present work estimates of the numbers of bacterio¬ 
phage units have been secured by two means, neither of which 
is original, with fair success. 

This first of these means involves mixing a known amount of 
lytic principle with a heavy suspension of bacteria and inoeu- 
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latmg to a Btenle poured agar plate, which has been dried to 
eliminate excess moisture, spreading the inoculum and thereby 
fixing the mixture of lytic principle and organisms to a definite 
spot on the solid surface. In repeating D’Herelle’s experiments 
m which he used varying concentrations of organisms and the 
same amount of lybc principle, the concentration of bacterial 
suspension was shown to have made no difference Nine young 
agar slants of culture were washed up in about 30 cubic centi¬ 
meters of broth, and dilutions made of this suspension with 
broth from 10 per cent to 100 per oent. To each tube was added 
the same amount of bacteriophage and a constant amount of the 
mixture was inoculated to plates About 400 lytic areas devel¬ 
oped on each plate, regardless of the concentration of organisms 
Furthermore, by repeating the converse of the above, as was 
done by D’Herelle, and using a uniform bacterial suspension and 
varying amounts of lytic principle, the number of areas may, 
with care, be secured roughly proportional to the amount of 
lytic principle added The variation from the mean was from 
10 per cent to 40 per cent, that is, a count of 60 areas was 
secured where 100 was the expected result, at a maximum 
error. 

The second means of enumeration is a dilution method 
This consists of making up a series of dilutions in broth, 1 10, 
1*100, 1 1000, and so on, of the lytic principle, and then inoc¬ 
ulating with a very small amount of young broth culture 
which has been transferred so often that all the organisms are 
working at a maximum speed Although it shows itself more 
sensitive than the area test, it is more doubtful for this reason, 
that it does not fix a bacteriophage unit in one spot and force it 
to demonstrate itself at that spot. In this method of enumera¬ 
tion we are dealing with two variables working simultaneously 
first, the organisms which, while unattached by the bacterio¬ 
phage, increase at the normal rate; second, an increase in 
bacteriophage developing by the lysis of the organisms. It is 
evident, however, that in a tube where there is some lytic 
principle, possibly a single unit, the lytic principle mil triumph 
and the final result will be a dear tube. In the next higher 
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dilution of bacteriophage there will be no inhibition whatsoever, 
and the tube will show a normal growth 

A study of this variation between culture and bacteriophage 
has been a part of our work, but is as yet incomplete. A 
typical curve of the concentration of organisms exposed to the 
action of lytic principle will suffice 
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Fig 0 Sketch illustrating the life curve of normal Shiga dysentery as 
compared to the life curve when exposed to a small amount of lytic principle 
(broken line). 


The culture within a lapse of two hours has reduced the 
concentration per cubic centimeter from ten million to less than 
one thousand, bacteriophage has exerted a rapid and potent 
action. 

It may be of interest to insert here a note upon the lag 
period. If we assume that the organisms multiply periodically 
by binary fission, N being the number of organisms mnmifH 
into a tube, and t being the time elapsed from the inoculation 
(using m a unit of time the periods between binary fission), 
then C, the count at tune t, is equal totfxtf, orC'-JVxfi*. 
Whence log C - flog * + log AT, C and t being variables, the 
equation of a straight line. In our experiments, in a 
culture which is frequently transferred, this law is bom out: 
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the logarithm of the count plotted against the time is a straight 
line, and there is no lag period. The organisms continue their 
regular rate of multiplication 

The two methods of enumeration, the area and the dilution 
methods, do not check each other perfectly There exists a 
discrepancy, the area counts being too low to account for the 
results secured by dilution In an actual comparison experiment 
the area count indicated a concentration m our lytic principle 
of 8,000,000 umtB per cubic centimeter, whereas the dilution 
method showed the presence of lytic principle in a 1 100,000,000 
dilution with none in the next dilution, 1 1,000,000,000, thus 
indicating a concentration of between 100,000,000 bacterio¬ 
phage units per cubic centimeter and 1,000,000,000 per cubic 
centimeter. 

There exist two very plausible explanations for this dis¬ 
crepancy, the first reasoning that the area count is too low, and 
the second that the dilution results indicate too high a concen¬ 
tration 

The lytic areas are of varying size as secured by different 
bacteriophage strains on different organisms, and may become 
bo small as to be doubtful. They very likely in Borne instances 
are too small to be shown at all, and hence the count of lytic 
areas would be too low 

As another possible explanation of this discrepancy it must 
be observed that if we take, for example, a suspension of 
microorganisms containing 8,000,000 per cubic centimeter, the¬ 
oretically we should have in a tube representing a dilution of 
1 :1,000,000 just eight organisms. Suppose these to be in ten 
oubio centimeters of broth, and we remove on» cubic centimeter 
for the next dilution. The probability is, mathematically, 4 to 
5, that we get an organism in the next tube, in which case we 
should get growth, and we should conclude offhand that there 
were between 10,000,000 and 100,000,000 organisms per cubio 
centimeter in the original suspension, *— a conclusion altogether 
wrong. This chance may not be lost sight of, nor can it be 
forgotten that the laws of chance hold good only in a large 
number of esses. 
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There are several other possible explanations of the dis¬ 
crepancy between the two methods of enumeration 

In summary, we may say that there is evidence that the 
bacteriophage is a colloidal particle, two methods of enumera¬ 
tion being given We are at present concerned with the dis¬ 
crepancies of enumeration, and with the quantitative aspects of 
phenomena involving lytic principle action 

Umiybrsitt or Michigan 



THE RELATIVE RELIABILITY OF 
INTELLIGENCE TESTS AND TEACHERS’ 
MARKS 

NATHAN A HARVEY 

If two persons mark an Alpha army intelligence test paper, 
the two marks will be identical, or will vary only slightly from 
each other. If two teachers, or other persons, mark an oral 
recitation, or an ordinary examination paper, their marks are 
likely to deviate surprisingly from each other One of the first 
and most conspicuous results of the recent development of 
educational measurement has been the demonstration of the 
unreliability of teachers’ marks. One of the first and one of 
the most striking demonstrations was the experiment of Starch 
Starch sent two papers in English to one hundred and forty- 
two different English teachers for their judgments of the degree 
of excellence One paper was marked 64 by one judge, and an¬ 
other judge marked the same paper 98 Paper B was marked 
50 by one, and by another 98 Thinking that possibly it was 
the subject-matter that accounted for the wide variation, he sent 
one mathematics paper to one hundred and eighteen teachers 
of mathematics. One teacher marked it 28 and another teacher 
marked it 92. No Buch variation m marks wifl ever be noticed 
in marking any good intelligence test. 

I have presented on two separate occasions to this body the 
results of the attempts of several classes to mark penmanship 
papers. The ranges run about like this 55—93, 34—81; 40— 
100, 60—100, 55-95; 20—100, 20—90; 52—100; 75—100,70— 
100 No one ever found such discrepancies when marking an 
army Alpha, Otis, or other good intelligence test If we are to 
judge the reliability of the two kinds of, tests by the degrn 
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of approximation to each other that different markers attain, 
there can be no ground for argument The supenonty of the 
tests is self-evident 

If we employ the definiteness of the thing that is measured 
as a standard of comparison, the supenonty of the tost is equally 
evident The army Alpha test measures the ability to answer 
that kind of questions and that is all that it professes to measure 
What the teacher’s marks measure is a matter of such indefin¬ 
iteness that no one is able to describe it Generally, it is said 
that teacher’s marks measure the ability to do school work, 
but whether the school work that is meant is arithmetic, draw¬ 
ing, penmanship, gymnastics, or any one of twenty other lines 
of endeavor, no one can say. Even if we make a list of all the 
subjects m which a teacher gives marks, there is no probability 
that the senes of marks opposite the names of any two pupils 
on the school records will indicate anything like the same senes 
of subjects The supenonty of the test m definiteness is in¬ 
controvertible 

Generally, howevei, the test is compared with the school 
performance of the pupils, and its reliability is judged by the 
degree of correspondence between the results of the test and the 
school marks The test thus becomes a means of judging what 
the future performance of the pupil in school will be, and the 
marks are used as a standard by which to judge of the validity 
of the test The test is commonly judged by its prognostic 
value, with the marks serving as a standard of the success or 
failure of the pupil in his work beyond the penod of his school 
activities. 

It is thiB standard of reliability that I wish to consider 
principally today, under the term of the relative r eliability 
of intelligence tests and teachers’ marks. It is around tins 
applicability of the results of tests that most of the oritiaiam 
of test results have recently centered. Most conspicuous of 
these criticisms of the past year has been Mr. Bagley’s article 
on the Educational Determxnwt, although many others to 
bo back-pedaling on mental and educational measurements as 
rapidly as possible. 
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Typical of the criticisms recently published is that of 
Mr J Crosby Chapman, of Yale University, who says that 
"By a simple process of statistical analysis, a formula has been 
derived to measure the extent to which our present instruments 
(tests) are adequate to measure this difference between mental 
and educational standing Applying this formula to the usual 
run of mental and school tests it is immediately apparent that 
the so-called mentsl-eduoational differential index possesses 
almost no reliability whatever ” 

In the first place, I wish to call attention to certain facts 
which are not at all in agreement with this dictum of the cntic 
of mental tests, and to inquire m the light of such facts if there 
is not good reason for him to inquire into the validity of his 
simple process of statistical analysis Secondly, if the agreement 
between the results of mental tests and school standing is not so 
great as one has reason to think it ought to be, which one of 
the pair of measures is principally at fault 7 

We have been inclined to test our mental measures by their 
agreement with school standings, or teachers’ marks, but may 
it not be largely the fact that there is not a close agreement 
between the two that constitutes one of the principal advantages 
of the tests? Is it not true that in the capacities that are em¬ 
ployed in learning, and in doing any kind df school work, the 
mental tests furnish a much more reliable basis of judgment, 
and constitute a standard by which the validity of the teachers’ 
marks may be measured? 

I wish to make use of the results obtained by giving the 
Alpha army tests to 1572 Normal College students last year, and 
also the scholastic records of the same student^ recorded on the 
books of our institution for the fall and the spring terms I 
do not claim a high degree of accuracy for the results of the 
army test. They were given at different times by different 
teachers, and some of the students had taken the same test on 
some previous occasion. But however much the results of the 
test may be lacking in accuracy, I feel sure that they are 
decidedly less subjeot to error than are the marks given by the 
teachers in the usual way and recorded on the books of the 
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institution The marks for each term for every pupil were 
averaged by assigning arbitrary values to each letter of the 
record, and including every mark recorded for every student 
Every A was called 100, every B, 90, every C, 80, every D, 
70, every E, 60, every F, 50 Some students had seven marks, 
others only three 

In the army tests, the average of the 1572 students was 
134 5 The 276 men averaged 137, the 1296 women averaged 
134 In the spnng term school record, the entire 1333 averaged 
82.4 with an average of 83 for the women and 80 1 for the men. 
Notwithstanding the fact that the mental tests do not profess 
to measure the willingness to work, which is quite as important 
to school success as is the intelligence which the tests measure, 
nor the conditions under which the work is done, there is con¬ 
siderable agreement between the school record and the army 
test. The 59 students with an army test record of from 180 
to 199 averaged m the school record 89.3, while the 79 persons 
with an army test record below 90, averaged only 77.9 in the 
school record, or on the letter scale a difference of from less 
than C to nearly A To reduce it to a really per cent basis, 
there would be disclosed a difference of nearly 23 per cent in 
the average of the two groups 

When we pick out individual examples, we shall find con¬ 
siderable corroborative testimony Mary A. had a school record 
for three terms of 57, 65, 50. Her army test record showed 159. 
Incredulity led to an examination of her army test paper, and a 
clerical error accounted for the report of 159 instead of 59 as it 
should be One man showed an average school record of 100 
His army test indicated 107. Incredulity again led to an ex¬ 
amination of his papers, when it was found that the report 
should have been 187 instead of 107. 

But the relation is not very great A computation of the 
coefficient of correlation between the results of the army tests 
and the school records shows a correlation of .286 for the 
spnng term and of 4269 for the fall term. Hus is low and would 
hie of doubtful validity were it not for the large numbers in¬ 
volved. The assumption is generally made that, in order to 
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insure a real relation, the coefficient of correlation must be 
three or four tunes as great as the probable error In this case, 
the amount of correlation is about twenty times as great as the 
probable error, which would seem to insure a high degree of 
reliability for the coefficient 

When we compute the coefficient of correlation between the 
fall term school record and the spnng term school record, we 
get some wholly unexpected and surprising results One would 
think that when we have the school record for two successive 
terms, made by the same students, marked by the same teachers, 
in the same set of subjects, we ought to get a high correlation 
Such is not the case The coefficient for the fall and spnng 
terms is 326, an increase of only 9 per cent over the correlation 
between the army test and the spnng term record, and of only 
5.5 per cent over the correlation between the army test and 
the fall term record The probable error again is about one 
twentieth of the amount of correlation. 

Without assuming to be able to demonstrate the fact from 
this single case, and recognizing that the data are not very 
accurate, I am inclined to believe that the 9 per cent increase 
of correlation of the school marks over the correlation between 
the army test and the school marks represents about the amount 
of the correlation which is due to the teacher's marks. Since 
the factors measured by the army tests occur m the abilities 
that contribute to success in school work, I am inclined to be¬ 
lieve that the 9 per cent in one case and the 5.5 per cent in the 
other measures the actual correlation between the teachers' marks 
for the two terms Assuming that this is so, the army tests are 
about two or two and a half tunes as reliable ,a measure of the 
student’s ability as is the school record. The test record is a 
rauoh more serviceable report for an employer or a superin¬ 
tendent to be furnished with than is a school record 

I do not attribute very much value to the determination of 
the amount of relation between these two measures. The 
results from the army tests confessedly involve considerable 
error, all of which however is in the direction of diminishing 
the degree of relationship. But a much greater amount of 
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error must be attributed to the school record School work is 
an indefinite term, and may mean the records from any four 
or five or six courses selected from a list of fifty or more Add 
to this the demonstrated inaccuracy of the marks of every 
teacher, no one of which can be checked up by a comparison 
with any other estimate or measure, and it will readily be 
understood that two or two and a half times is a low estimate 
of the unreliability of teachers’ marks compared with the 
results of intelligence tests 

In the computation of the correlation, I have used the 
Spearman foot-rule method, as about the only one available for 
such large numbers Many persons prefer the Pearson product- 
moment formula, which takes into account the amount of 
differences as well as the rankings. Translating the Spearman 
results into Pearson terms by means of a table, we get some¬ 
what higher correlations Between the army test and the spring 
term record the correlation is 392 Between the army test and 
the fall term record it is 444 Between the spring and the fall 
terms records it is 522. The probable error is about the same, 
0174 The excess of the relation between the two school terms 
and the army test and the school record is only slightly less. 

Stats Normal College 
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MENTAL MEASUREMENTS AND PURE 
SCIENCE PSYCHOLOGY 

ERNEST B SKAGGS 

In the following discussion we have tned to indicate the 
relation between mental measurements and pure science psy¬ 
chology. Also we have raised the question as to whether or 
not an introductory course in mental measurements should 
stress the pure science aspects of the work rather than the 
applied aspect, such as solving practical problems of classifying 
children for differential teaching, selecting men for “jobs," 
giving vocational guidance, and the like. A senes of minor 
points arises under these general considerations 

Our first thesis is that mental measurements, in the best 
sense of the term and also genetically, is pure science psychology. 
All psychology undertakes to measure mental processes and 
capacities At the same time we are aware that many courses 
in mental measurements are so conducted as to be definitely 
classed as applied psychology. The student’s attention is 
forced upon solving practical problems rather than studying 
the mental processes and methods of measuring them ade¬ 
quately m and for themselves 

Our Beoond proposition is that an introductory course in 
mental measurements .may be classified today as pure science 
psychology or as applied psychology — all depending upon 
which aspect is emphasised by the instructor. If the course 
lays emphasis upon (1) careful and persistent attempts at under¬ 
standing the nature of the psychological process or capacity 
involved, (2) consideration of present and new methods of 
measuring those capacities, and (3) the establishing of norms 
for classification, then the course is in essence a pure science 
course. If the course consists in becoming acquainted with 
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various tests and practice in giving them, with emphasis on 
their practical value, then the course is essentially applied 
psychology Of course it is largely a matter of emphasis in 
either case, but the emphasis appears to the writer to be ex¬ 
tremely important. Most courses in mental measurements are 
taught as applied psychology. 

Our third proposition is that a general introductory course 
in the psychology department of a university or college should 
emphasize the pure science aspects of the work The course 
should ideally demand a preceding course in general psychology 
text and laboratory. The student should be constantly con¬ 
fronted with the problem, Whai are we testing? Instruments of 
precision and even complicated apparatus may have to be 
studied and used A scientific attitude and a thorough under¬ 
standing of psychological methods of “measuring” and control¬ 
ling conditions are to be emphasized If such emphasis on 
exact work and ideals drives out half of the students, let us 
be thankful for the fact The remaining half will be worth 
while and really trained to tackle practical problems If they 
ever turn that way Pencil and paper research alone is to be 
discouraged 

Another fact needs emphasis, viz, that a course in mental 
measurements is not merely a course in testing general intelli¬ 
gence In fact G. I. teste are but a mmor part of a course in 
mental measurements. The measurement of special processes 
or capacities (simple and more complex), including affective 
and emotional aspects, is very important. 

Mental measurements have added to or supplemented the 
older psychology by insisting upon norms and classifying 
persons according to the amount of possession of a trait or 
capacity. In the older psychology, if a phenomenon was ob¬ 
served in the case of a few individuals (or even one) as a result 
of careful experimentation, a law was formulated or a fact of 
consciousness or behavior was declared Obviously before peo¬ 
ple could be clas sifie d a standard or norm had to be established 
This was seldom done and about all the psychologist say 
was, “Here is a phenomenon! It exists because I have found 
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it manifesting itself m at least one individual!” More than 
this he could not say The newer psychology goes on and tests 
many individuals, finds the average performance establishes 
norms, and classifies people This matter of classification is an 
important business of any science and, in psychology as else¬ 
where, there must be not only a technique for quantitative 
measurement but established norms 

The objection that the man m mental measurements does 
not know specifically the nature of that which he is testing is 
not a valid criticism against his work. Becauso of the emphasis 
on practical aspects of tests, the mental tester has all too often 
forgotten to trouble himself enough concerning the nature of 
that which he is testing Now if one is interested merely in 
solving practical problems then he need not trouble himself 
much about the nature of what he is testing If he devises 
tests which solve problems his work is a success The man 
of pure science, however, must first and foremost concern him¬ 
self with the nature of the processes or traits involved The 
student should be unpressed with this same necessity for psy¬ 
chological analysis. 

On the other hand any criticism to the effect that mental 
measurement workers do not know the exact nature of that 
which they are measuring is, so far as it is true, merely a criti¬ 
cism against any and all psychology. The mental processes are 
so intricate, so interrelated, that one cannot isolate any one and 
work with it alone At best the psychologist can only say, “I 
am testing chiefly this or that.” Even the exact nature of the 
simpler psycho-motor processes is often in dispute, for careful 
study shows them to be relatively complicated and involving 
the higher central processes. When one turns to the more 
complicated processes of association, retention* attention, judg¬ 
ment, reasoning, emotion, affection, and what not, it is even 
more difficult to know the exact nature of what is being tested 
One can only make a workable assumption as to the nature of 
what is being tested This assumption must be based upon 
historical discussion and experimental suggestion. Having made 
the best possible assumption one must then begin work. One 
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may “fire at random” at times, but in the end we shall know 
more about the thing we are testing 

An objection is often made that we should not use the term 
' mental measurement/ but rather performance or behavior 
tests Of course, any psychological measurement is directly a 
measure of performance or behavior We infer the mental 
process or the conscious state It seems better at the present 
time for us to keep the term 'mental measurement/ remember¬ 
ing that it means directly measurement of behavior 

In summary we may state, then, that our paper is a plea for 
a greater concern and interest in mental measurements as a 
pure science work rather than as emphasising 'solving practical 
problems ’ We believe that the introductory course in mental 
measurements should devote more time to a study of the nature 
of the processes being tested and that the technique (present 
and historical) of measuring should be carefully drilled into the 
student We should largely discard the method of “testing the 
test” by comparing it to practical criteria In the best and 
genetic sense of the term we believe that mental measurements 
arc to be classed under pure science psychology At the same 
time there seems to be a good deal of pseudo-science parading 
under the name of mental testing. 
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The considerable difficulty attending the identification of a 
small and somewhat aberrant specimen of Virginia elegans led 
to the accumulation of so much more information on the varia¬ 
tion and distribution of the genus Virginia than was elsewhere 
available that an assembling of the results in* permanent form 
has seemed desirable 

The snakes of this genus were first made known by Baird 
and Girard in 1853, only about seventy years ago To their 
secretive habits and apparent scarcity must be attributed this 
late recognition and our present almost total lack of knowledge 
of their natural history and environmental relations Attention 
to these latter facte should be enough to impel all who have the 

343 



344 


Frank N. Blanchard 


opportunity for observing those snakes to put in permanent 
form any information they can obtain 

Specimens for examination were loaned by numerous in¬ 
stitutions and individuals, and it is a pleasure for the writer 
to record his indebtedness to Dr. Leonhard Stejnegei and Miss 
Dons M Cochran of the United States National Museum, to 
Professor A G Ruthven of the Museum of Zoology of the 
University of Michigan, to Dr G K Noble and Mr K P 
Schmidt of the American Museum of Natural History, to Dr 
Thomas Barbour of the Museum of Comparative Zoology, to 
Professor A H Wnght of Cornell University, to Dr Eugene 
A Smith, director of the Geological Survey of Alabama, and to 
Mr H P Lading of Mobile, Alabama The drawings were 
prepared by Dr Frieda Cobb Blanchard 

Abbreviations of names of museums or collections are as 
follows 

Ala » Museum of the Geological Survey of Alabama, 

Amer - American Museum of Natural History, 

Bntish - Bntish Museum, 

Cornell - Cornell University Museum, 

Field - Field Museum of Natural History, 

M C Z - Museum of Comparative Zoblogy, 

Pans - Pans Museum, 

Mich “ Museum of Zoology, University of Michigan, 

U S N M - United States National Museum 


GENUS VIRGINIA Baird and Girard 

1853 VIRGINIA Baird and Girard, Cat N Amer Rept, Ft 1, Serpents, 
p 127 (type species, Virginia talma*) 

Description — The snakes of this genus belong to the family 
Colubndae and may be diagnosed as follows maxillary teeth 
solid, about 19 or 20, small, subequal; mandibular teeth 20 to 
22, small, becoming smaller behind, head small, neck not or 
but slightly distinct, eye moderate, with round pupil; no 
preocular, loreal and prefrontal entering eye; divided, 
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nostril in prenasal, scales smooth oi weakly keeled, m 15 or 17 
rows, without apical pits, anal plate divided, tail short, caudals 
in two rows 

The cephalic plates are normal (See Fig 10), consisting of 
paired panetals, prefrontals and mternasals, and a single frontal 
between two supraoculars, the nostril lies chiefly in the ante¬ 
rior of the two nasal plates, not more than slightly indenting 
the anterior border of tho postnasal, the long loreal tapering 
slightly forward is in contact anteriorly with the postnasal and 
posteriorly with the orbit, the upper anterior border of the 
orbit is formed by a postoro-lateral extension of the prefrontal, 
postoculars, 1 to 3, more commonly 2, m which case the upper 



Fiq 10 Virginia rxilenae valenae Side view of head (A M N H , 
No 18073) X 6 

is generally the larger, a single anterior temporal lying in the 
angle between the fifth and sixth upper labials, and narrowly 
m contact with the upper postocular or separated from it by 
the parietal and fifth upper labial (extreme positions shown in 
Figs 11, 12); two posterior temporals, one directly behind the 
anterior temporal and the other between thd upper postonor 
temporal and the lost upper labial, upper labials normally six, 
lower labials normally six Tho first lower labials meet on the 
chin behind the triangular mental plate, and are succeeded 
posteriorly by two pairs of elongated chin shields, the first in 
contact throughout their length, and the second diverging 
posteriorly. Into the angle formed by the diverging posterior 
chin shields fits the first ventral scute (See Fig 13.) 
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On the body are 15 or 17 rows of dorsal scales, wider on 
the lower row and narrower above, perfectly smooth or weakly 
keeled, and without apical pits On the abdomen is a single 
series of large transverse plates, the ventrals, which vary m 
number from 111 to 131 These are terminated posteriorly by 




Fios 11, 12 Sketches showing extreme positions of first temporal and 
adjacent scutes Upper figure, Virginia valenne talma* (U 8 N M, No 
52475), lower figure, Virginia talma* elegant (U 8 N. M , No 66222), x 10 

the divided anal plate. The plates under the tail, or caudals, 
are normally divided, but occasional individuals have a few of 
the anterior ones entire They vary in number from 22 to 45 
The head is but slightly distinct from the neck, widest in 
the temporal region, and tapering forwards. The body is a httle 
stout in build, the sides not meeting the belly in an angle. Hie 
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tail is short, and tapers quickly to a horny tip It vanes from 
126 to 206 of the total length, being usually a little longer in 
males than in females, and also distinctly wider at the base. 

The color is a dark brown or gray above and uniformly 
light below, without any noticeable pattern Frequently, how¬ 
ever, individuals show four longitudinal senes of small dark dots, 
one senes on each side of the dorsal median line (which may be 



Pio 13 Virginia valenae vatenae. Ventral view cl head (A. M 
N H, No 18073) xfi 

perceptibly lighter than the general coloration above), and one 
series on each side at about the fourth row of scales 

The penial characters could not be satisfactorily determined 
because only one specimen had the penes wdl everted Their 
description will be found under elegant 

The dentition, as indicated by a few specimens, is as follows 
maxillary teeth, 19 or 20, small and subequal, in an uninterrup¬ 
ted series, mandibular teeth, 19 to 22, small, becoming smaller 
behind, palatine teeth, 15 to 20; pterygoid teeth, 14 to 25, 
diminishing a little posteriorly (See Table I). 

Range, — The genus Virginia is known only from south- 


348 


Frank N • Blanchard 


eastern North America, from New Jersey to Missouri, and south 
into Georgia and central Texas (See Map III) 

Habitat and Habits — These snakes are secretive and seem 
to prefer tunbered regions They are ovoviviparous 

Variation — The number of dorsal scale rows is usually 
constant from head to vent, and the variations that do occur 
are for the most part so sporadic and few that their significance 
is dubious The normal number of rows m elegan# is 17, but 
one individual of those studied has 19 rows along the middle of 
the body (for a distance of 33 scales on one side and 38 on 
the other), exhibiting thus the formula 17-19-17 In this case 


TABLE 1 

NrMUKR OF TEW!! IN THU G»NUS VIRGINIA 


Muhki'm 

No 

POHU 

i 

i 

Locality 


Dentition 


Maxillary 
Inf t nght 

Mandibular 
left nght 

Palatine 
left right 

Pterygoid 
left nght 

Midi 

>7711 

denari* 

Mobile Alft 

10 ID 

10 ID 

15 17 

23 25 


67712 

44 

* 

ID 20 

22 22 

20 ID 

20* 23 


67713 



ID 20 

20 21 

16 16 

23 14* 

IT S N M 

1482 

* 

Mouth Illinois 

ID 20 

21 22 



i 

b030 

valenae 

Southeastern V B 

20 ID 

22 20 



Paris | 

1 


* 

South Carolina 

22 


20 

25 


it appears to be the fourth row that is added on each side to 
make 19. A few individuals exhibiting brief interruptions to 
15 lows make the change by loss of the third or fourth row on 
each side, but m others the change involves the seventh row. 
The change from fifteen to thirteen seems to involve the third 
row Thus it appears that no rule can be derived as yet for 
change in number of scale rows 

The supralabials are 6 in every instance observed, except 
one (U S N M, No. 56218) in which the change to 5 on one 
side involves the union of the third and fourth scutes. The 
lower labials are normally 6, but variations to 5 and 7 are not 
uncommon in both eUgana and volertoe The change to 6 wae, 
m six of the instances observed, by a fusion of the last two, and 
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Map Ill Map showing Locality Record* of Virginia Valerias elegant (large circles) and 
Virginia Valerias talmas (small circles) 
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in one by a fusion of the second and third One specimen 
(A. M N. H, No 18073, Fig 10) shows the fifth greatly re¬ 
duced Change to 7 was m five instances by the addition of a 
third, and m one by division of the fifth 

There is usually no preocular, but in one instance observed a 
small one is cut off from the prefrontal and in another the 
posterior end of the loreal is cut off The postoculars are 
commonly 2, but variations to 1 and 3 are by no means unusual 
Other variations are discussed under each form and in the 
summary 

SUBDIVISIONS OF THE GENUS 

Two distinct species of Virginia have hitherto been recog¬ 
nized, F elegans with 17 rows of scales and V valenac with 15 
rows Numerous other differences mark these forms, as the 
detailed descriptions following will show, but the differences 
in each instance are average, the ranges of the two forms are 
contiguous, and specimens from near the common boundary 
present an intermediate condition even m the most constant 
difference between the two forms, — the number of scale rows 
Thus the specimen from Tyree Springs, Tennessee, although 
possessing 15 rows of scales for the most of its length, has 
interpolated in five places on the right side and in one on the 
left a third or fourth row of scales for a distance in each case 
of from one to three scales in extent, and two of the three 
specimens from Mobile, Alabama, exhibit variations from 17 to 
15 and even to 13 Were such variations scattered throughout 
the range of valenae, they would be of less significance in this 
respect As it is, with additional material, we may fully expect 
the constancy in number of scale rows to fail completely in the 
region of the common boundary of the ranges These two forms 
are, therefore, regarded as only subspecifically distinct 

KEY TO THE FORMS OF VIRGINIA 

Dorsal scales in 17 (or, rarely, 10) rows, usually keeled at least poste¬ 
riorly . V valenae elegant (Kenmcott) 

(Central Indiana to Missouri, south to Mobile and west to eastern 
Oklahoma and central Texaa) 
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Dorsal scales m 15 rows, usually smooth or only faintly keeled near the 
vent V valenae valenae (Baird and Girard) 

(Central New Jersey to Georgia and Alabama, and north into Kentucky) 

Virginia valenae elegans (Kenmoott) 

1859 Virginia elegane , Kbnnicott, Proc Acad Nat Soi Philadelphia, 
p 99 (type specimen probably lost, m which case U 8 National 
Museum no 4482, Bent by Robert Kenmcott from South Illinois 
may be regarded as typical, type locality heavily timbered regions 
of southern Illinois) — Jan, Archiv Zodl Anat. Fiwol, vol 2 
fasc 1, 1862, p 24, Elen sist degli Ofidi, 1863, p 34, Icon Gen 
Ophid , hvr 12,1865, pi, 2, fig 6 — Dumeril and Bocoubt, Miss 
Sci Mex, 1870, p 544 (part), pi 32, figs. 4, 4a — Cope, Bull 
U 6 Nat Mua, no 1, 1875, p 35 — Jobdan, Man Vert, 187b, 
p 182 — Smith, Geol Surv Ohio, vol 4,1882, p 699 — Yarrow, 
Bull U S Nat Mua., no 24, 1882, pp 13, 84 — Davis & Rice, 
Bull Chicago Acad Sci, vol 1, no 3, 1883, p 29, Bull Illinois 
State Lab, Nat Hist, no 5, 1883, p 31 — Garman, S, Mem 
Mus Comp Zofil, vol 8, no 3, 1883, p 98 — Yarbow, Smiths 
Misc Coll, no 517, 1883, p 13 — Cope, Proa. U S Nat Mus, 
vol 14, 1891, p 599 — Garman, H, Bull Illinois State Lab Nat 
Hist, vol 3, art 13, 1892, p 307 — Hay, 17th Ann Rep Dept 
Geol Nat Res, Indiana for 1891, 1892, p 488 — Boulkngbr, Cat 
Snakes Bnt, Mus, voL 2, 1894, p 289 — Cope, Ann Rep TJ S 
Nat Mus for 1898, 1900, p 1007, fig 271 — Brown, Proc Acad 
Nat Sci Philadelphia, 1901, p 83 — Ditmarb, Ropt Book, 1908, 
p 273 — Strbckbr, Baylor Umv Bull, vol 12, no 1, 1909, p 8 - 
Brimley, Proc Biol Soc Washington, vol 23, 1910, p 15 — 
Hurter, Trans Acad Sci St Louis, vol 20, no 5, 1911, pp 191, 
255 — Strecker, Baylor Bull, vol 18, no. 4, 1915, p 39 — 
Stbjnegbb & Barbour, Check List, 1917, p 98 — Potter, Copeia, 
no. 86, p 83. 

1922 Virginia valenae degans, Blanchard, Oco Pap, Mus Zool, Umv 
Michigan, no 117, p 14 

Description —The scalation of the 42 specimens examined 
may be summarised as follows ventral plates, 117 to 131 
(males, 113 to 125, average, 121, females, 1J8 to 131, average, 
126); caudals, 27 to 45 (males, 35 to 45, average, 39, females, 
25 to 36, average, 31); supralabials, 6, infralabials, 6, rarely 
5 or 7, prefrontal and loreal forming anterior boundary of 
orbit; rarely a preocular excluding prefrontal from orbit, loreal 
long and narrow, postoculars usually 2, occasionally 1 or 3, 
temporals, 1 + 2, posterior ohm shields generally longer than 
anterior, diverging, scale rows, 17 throughout, rarefy 17-19-17, 
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or with interruptions to 15 or 13, dorsal scales usually weakly 
keeled on more or less of posterior portion of body, rarely all 
smooth, lower rows wider than upfier, lowermost the widest 
Body m large adults rather thick for its length, tapering 
gradually forward to the snout, although generally widened a 
little in the temporal region Tail short, in males 173 to 206, 
average 191, of total length, m females, 127 to 182, average 
151, tapering abruptly in females, more gradually m males 
The largest specimen examined measured 316 mm and came 
from St Olane County, Illinois 

The goneral color above is dark brown or dark gray, with 
or without an inconspicuous median light stripe, about 2 scales 
wide, along the back, and frequently with four longitudinal 
series of small black spots, beneath, uniform whitish The small 
black dots when present are spaced about one scale apart and 
form a line on each side of the median dorsal light stripe, 
generally between the second and third scales from the median 
row, and a second line on each side, generally between the 
fouith and fifth lows from the median one, and m alternation 
with the spots of the upper lows Below these lower rows the 
dark dorsal color may either become more or less suddenly 
lighter or continue dark to the tips of the ventrals The hoad is 
uniformly dark above or slightly mottled with black, the chin, 
lower labials, and lower portion of the upper labials, immaculate 
like the belly Frequently there is a fine light lme, lengthwise 
on each dorsal scale, whether a keel is present or not 

A living specimen from Covington, Louisiana, showed the 
following coloration (by comparison with Ridgway’s Color 
Standards and Color Nomenclature) Argus-brown above, grading 
towards a carrot red on the lowermost row of dorsal scales and 
on the ends of the ventrals, a little lighter along the median 
dorsal line, head above darker, reticulated with black, lower 
surfaces nearly a sulphur yellow, except the ohm and labial 
region which is rather lighter than an orient pink 

The copulatory organ on one specimen (U S. N M , No 
56222) is well everted and exhibits the following characters 
organ slightly bifurcate at tip, sulcus single, leading between 
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two small confluent smooth areas at distal end, no calyces, 
small spines at top becoming gradually larger proximally; two 
large spines on each side of sulcus with a few smaller ones near 
each, one pair of the large spines near the sulcus and on the 
inner side, the other pair lateral and farther from it, basal half 
of organ with minute spines 

Range —Central Indiana, Illinois, and Missouri south to 
Mobile and west to eastern Oklahoma and central Texas (Sec 
Map III) 

In addition to the localities included in the list of specimens 
examined, the following records appear to be reliable Mt 
Carmel, Illinois (Cope, 1891, p 599), Brown County, Indiana 
(Hay, 1892, p 488), New Orleans (Cope, 1900, p 1008), 
White Eagle Mine, Spring Creek, Burnet County, Texas 
(Strecker, 1909, p 8), and Lmdalc, (Smith County, Texas 
(Streckcr, 1915, p 39) 

The record for Brown County, Indiana, although very 
definitely stated and described, is one much m need of verifica¬ 
tion, for it gives ail unexpected eastward extension to the range 
H Garmon’s record (1892, p 308) of valenae for Union Counfy, 
Illinois, was more likely based on a specimen of elegans 

Habitat and habits —The only references to this subject 
that I have seen were by Kenmcott, who says that these Buakes 
are found m the “heavily timbered regions of southern Illinois’’ 
and by Hurter (1911, p. 255) who remarks “All I have found 
were under rocks Once I caught one shdmg over a nairow 
path in heavily timbered bottom lands ” A specimen from 
Covington, Louisiana, kept by the writer for several months, 
fed readily upon earthworms. 

Variation. — The senes of specimens at» hand is too small 
to demonstrate geographic variation within the range, but it 
may not be amiss to point out certain peculiarities not dis¬ 
cussed elsewhere In U S N. M No 27064 from Waring, 
Texas, the preanal scute is divided, and m three specimens, 
U S.N M Nos 28412 and 56222, and Cornell No 7600, 
7, 4, and 5 of the caudal scutes, respectively are entire instead 
of divided 
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Keels on the dorsal scales are distinctly characteristic of 
elegans, but a comparison of the sexes m the extent of keeling is 
suggestive Of 19 males, 17 have the keels well developed, 2 
only faintly so, and none lack them entirely, while of 20 
females only 11 have the keels well developed, 6 have them 



faintly, and 3 not at all It would appear that if, in this genus, 
keels are degenerating, the females are losing them the faster 
This latter point, however, receives no support from the distri¬ 
bution by sex of the keels in vdenae. 

The total lengths in millimeters of all complete specimens 
measured are shown graphically m Fig 14. 
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Virginia valenae valenae (Baird and Girard) 

1853 Virginia valenae, Baird A Girard, Cat N Amar Rapt, pt 1, p 127 

(type locality, Kent Countv, Maryland, type spemmen, U 8 
National Museum, no 1962, Mias Valeria Bl&ney, collector) — 
Baird, Pac R R Surv, vol 10, pts 3 A 4, Art 1, 1859, pi 33, 
fig 94 —Jan, Archiv Zodl, Anat Fisiol, vol 2, faec 1, 1862, 
p 24, fasc 2, pi 17, last fig , Elen sist degli Ofidi, 1863, p 34, 
Icon Gen Ophid , hvr 12, 1865, pi 2, fig 5 — Cope, Bull U S 
Nat Mus, no 1, 1875, p 35 —Jordan, Man Vert, 1876, p 182 
— Smith, Geol Surv Ohio, vol 4, 1882, p 699 —Yarrow, Bull 
U S Nat Mus, no 24, 1882, pp 13, 83 — Davib A Rice, Bull 
Illinois State Lab Nat Hist, 1883, p 31, Bull Chicago Acad 
Sci, vol 1, no 3, 1883, p 29 - Garman, S, Mem Mus Comp 
Zobl, vol 8, no 3, 1883, p 98, pi 7, hg 3 — Yarrow, Smiths 
Mist Coll, no 517, 1883, p 13 — Copk, Proc U S Nat Mus, 
vol 14, 1891, p 599 —Garman, H , Bull Illinois State Lab Nat 
Hist, vol 3, art 13, 1892, p 307 — Hay, 17th Ann Rep Dept 
Geol Nat Res Indiana for 1891, 1892, pp 488,587 —Roulenger, 
Cat Snakes Bnt Mus, vol 2, 1894, p 289 —Cope, Ann Rep 
* US Nat Mus for 1898, 1900, p 1006, fig 270 — Brown, Proc 

Acad Nat Sci, Philadelphia, 1901, p 83 — Bkimley, Journ 
Elisha Mitchell Sci Soc, vol 23, no 4, 1907, p 144 — Ditmars, 
Repfc Book, 1908, p 272 — Brimlby, Proc Biol Soc Waslungton, 
vol 23, 1910, p 15 — Dunn, Copeia, no 18, p 6, no 25, p 63 
— Miller, Copeia, no 34, p 68 —Stejnkgkr A Barbour, 
fc Checklist, 1917, p 99 —Brimlby, Journ Elisha Mitchell Sm 
Soc, vol 34, no 3, 1918, p 147 — Dunn, Copeia, no 53, 1918, 
p 27 

1854 Carphophis harperti , Dumebil A Bibron, Erp Gen, vol 7, p 135 

(type locality, South Carolina, type specimen deposited in Paris 
Museum, collected by H&rpert) Virginia harpertii , Dumbril and 
Bogoukt (part), Miss Sci Mex. 1870, p 543 pi 32, figs 3 to 3e 
(7) Virginia harpertii, Cope, Bull TJ S Nat Mus, no 1, 1875, 
p 35 — Garman, S, Mem Mus Comp Zo61, vol 8, no 3, 
1883, p 99 

Description — Examination of twenty-six specimens and four 
published records shows the following sciftellation ventral 
plates, 111 to 130 (males, 111 to 122, average, 116, femaleH, 
115 to 130, average, 123), caudals, 22 to 40 (males, 32 to 40, 
average, 34, females, 22 to 32, average, 25), supralabials, 6, 
mfralabials, 6, rarely 5 or 7; prefrontal and loreal forming 
anterior boundary of orbit, loreal long and narrow, postoculars 
usually 2, occasionally 1 or 3; temporals, 1+2, rarely 1 + 1, 
posterior chin shields generally longer than anterior, diverging, 
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scale rows 15 throughout, rarely traces of another row on either 
side, dorsal Beales all smooth or weakly keeled posteriorly, 
particularly in region of vent, lowermost row distinctly wider 
than the rest 

Body in adults rather thick for its length, tapering gradually 
forwards to the snout, although often a little widened in the 
temporal region Tail short, in maleB, 170 to 204, average, 
184, of total length, and in females, 126 to 174, average, 133, 
tapenng abruptly m females, more gradually in males The 
largest specimen examined measured 275 mm, and came from 
Washington, D C 

The general color above is dark brown or dark gray, either 
uniform or with numerous small black dots, beneath, whitish, 
unmarked. The small black dots, when present, tend to form 
four longitudinal rows, one on the first or second row of scales 
each side of the mid-dorsal row, and one about four scales down 
from the median row on each side, the lower rows tending to 
alternate with the upper Each spot is separated by one or two 
scales, but the spots are less well defined and less regular than m 
elegana A faint median dorsal light stripe may occasionally 
be distinguished Belly, chin, lower labials, and lower part of 
the upper labials are immaculate and light, or tho upper labials 
and part of the lower labials may be more or less suffused with 
the dorsal color Along the middle of each dorsal scale a light 
longitudinal line is often discernible 

Range —This form occurs from central New Jersey to 
southern Georgia and Alabama, north through central Tennes¬ 
see, and probably into Kentucky (Bee Map III) It has not 
been reported from Florida 

In addition to the localities m the accompanying list of 
specimens, the following records appear to be reliable Kent 
County, Maryland, and Anderson, South Carolina (Baird & 
Girard, 1853, pp 127, 128), Mimsville, Baker County, Georgia 
(Bnmley, 1010, p 15), Nelson and Northampton Counties, 
Virginia (Dunn, 1918, p 27). 

H. Garman reoords Cook and Union counties, Illinois <1892, 
p 308) These localities are held subject to verification for 
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the following reasons Neither specimen was described nor is 
available for examination, Cook County is far north of any 
other records of this form; Union County is Btnctly within the 
range of elegans, and the specimen probably belonged to this 
form. Jan (1862, p 24) records Savannah, Georgia, and al¬ 
though this has been plotted on the map, the specimen may 
perhaps have come from some miles inland. It is a record in 
need of verification. 

Habitat and Habits — On this subject Ditmars (1908, p 
273) says “It feeds upon worms and the soft-bodied larvae of 
insects that burrow into decaying trees A female captured in 
North Carolina on the 10th of August gave birth to seven 
young on the 15th of the same month The tiny creatures were 
not as thick as an ordinary match ” 

Miller (1916, p 68) reports finding “several individuals of 
this small snake on the trap ndges immediately north of Plain- 
field, New Jersey All were hiding under boards or stones 

m dry deciduous woods ” 

A specimen taken by Mr R W Bennett at Washington, 
D C, was kept for nearly a year by the writer It fed on 
earthworms It was found by Mr Bennett near the Anacostia 
River “under a short chunk of log about a foot long and six 
inches thick ” Mr Bennett wrote at the time “He is dull 
gray above, very light gray, almost white, beneath The only 
markings are a double row of black spots down the back (This 
specimen is now preserved and no spots can be seen) He 
is a gentle snake, but rather lively When I first picked him 
up, he was almost flat, at least an inch broad and not over fV 
of an inch thick, perfectly flat below and slightly curved on the 
top surface He soon assumed the round shape, and I have not 
seen him flat since " In captivity he generally remained out of 
sight 

Variation. — As was the case with elegans, the senes of 
specimens now at hand is too small to show any geographic 
variation, except the tendency toward intergradation with 
elegans in the Bpeounen from Tyree Spnngs, Tennessee. This is 
the only specimen having undivided caudals, and it has three. 
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Keels on the dorsal scales are fairly well developed in one 
male and m one female In alxnit half of the rest of each sex 



keels are faintly discernible on the posterior portion of the body 
or tail, and in the remainder all the scales are smooth. 

The total length in millimeters of each complete specimen 
examined is shown in the accompanying diagram (See Fig 16) 




List or Specimens or Viegixia \ aleriae ulebius 
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SUMMARY RELATIONSHIPS BETWEEN ELEOANS AND VALERIAS 

Examination of the foregoing descriptions can hardly fail to 
suggest that valenae is a reduced form of elegans In support 
of this point the following evidence is offered 

1 Examination of the accompanying table of averages will 
Bhow that valenae has fewer ventrals and fewer caudals, sex 
for sex, than elegans, and a proportionately shorter tail 

2 The largest specimen of the genus examined was an 
elegans, and of the latter form four females were larger than the 
largest female of valenae and m both sexes there were more 
large individuals of elegans than of valenae (Compare FigB 14 
and 15) 

3 Elegans has 17 rows of scales throughout the body length, 
valenae has 15 It has been shown by the writer in a previous 
study (1921, p 10) that a low number of scale rows constant 
throughout the body length may be directly correlated with 
diminution in size accompanying the adoption of more secretive 
habits and this may well be the explanation of this type of 
formula in the genus Virginia Especially significant then is the 
possession of the formula 17-19-17 by one otherwise typical 
example of elegans If the argument above is conect valenae 
is the more reduced and later form, of the two 

4 The spasmodic and irregular development of keels on the 
dorsal scales of elegans is highly suggestive of degeneration in 
this feature, and their almost complete absence in valenae may 
well be regarded as a later stage in their loss 

Other characters indicating that the genus as a whole is a 
degenerating one are (1) variability of the ppetoculars m shape 
and number, (2) lose of prooculars and assumption of their 
function by extensions of the lorcals and prefrontals, (3) 
tendency of the parietal and fifth upper labial plates to meet 
between the postoculars and the anterior temporal The first 
of these features shows instability, often a characteristic of 
small aberrant snakes. The second and third matters are 
plainly correlated with a decrease in sise of the head which 
forces rearrangements, and eliminations of the scutes. A doreo- 
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ventral flattening decreases the space between the panetals and 
the upper labials and the tendency to elimination of the anterior 
temporal is shown here by the frequent meeting of the parietal 
and fifth upper labial (See Fig 12). Similarly, decrease in 
space m front of the eye has resulted m loss of the preoculars 

TABLE II 

Avbraotw of Certain Characters of the Two Forms of Virginia 


Name anp Sfx 




Male 



Female 


Character 

Elegant 

Valertae 

Elegans 

Valertat 


No 
Spec i- 
inens 

Aver¬ 

age 

No 

Speci¬ 

mens 

Aver¬ 

age 

No 

SpOH- 

mons 

Aver¬ 

age 

No 

Speci¬ 

mens 

Aver¬ 

age 

Ventral plates 

19 

121 

14 

116 

18 

126 

12 

123 

Caudal plates 
Total length di¬ 
vided by tail 

19 

39 

14 

34 

18 

31 

12 

26 

length 

19 

191 

14 

184 

17 

151 

12 

133 


All of these considerations make it clear to the writer that 
we are dealing here with a genus of snakes undergoing degenera* 
tive evolution towards underground life, and that the eastern 
form, valertae , is the descendant of the western, elegans 

University of Michigan 
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OBSERVATIONS ON THE OVIPOSITING 
OF TETRAOPES TETROPHTHALMUS 
FORST* 

WILLIAM J CLENCH 

The following observations on Tetraopes tetrophthalmus 
Foret were made in the laboratory during July of 1921 A large 
wire cage, 2x2x4 ft, placed beside an open window was used 
in the expenment The common milkweed, Asclcpias synaca, 
was used for the food plant, one half of the material consisted 
of strong vigorous plants, the other half of large but weakened 
plants, the latter exuding but little latex upon being out or 
bruised 

Fifty pairs of Tetraopes, collected while copulating, during 
the first week of July, were placed in the cage The insects 
began feeding at once upon the leaves and tips, and continued 
feeding dunng the entire time that the observations were being 
made The third week after they were placed m the cage, the 
first eggs were deposited, the females accepting m all cases the 
less vigorous plants for ovipositing A restlessness was first 
noticed m one individual. Walking up and down several plants, 
the insect finally came to rest half-way up the stem of one 
plant In this position it remained motionless for several 
minutes, and then cut into the plant stem .with its mandibles 
a horizontal slit one eighth of an inch m length This con¬ 
tinued until a small hole had been made into the hollow portion 
of the stem. 

After this operation the female turned in the opposite direc¬ 
tion, facing downwards, and oviposited into the hole she had 

* Contributions from the Entomologiosl Laboratory of die Bussey Insti¬ 
tution, Harvard University, No. 224 

807 
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just made This was repeated several tunes by the same female, 
the number of eggs varying from three to ten each tune Other 
females soon oviposited in the same manner, using all portions 
of the stem, but preferring m most cases the middle part. 

When the stem was split, the eggs were found adhering to 
one another and clustered about the opening produced by the 
female. They were yellowish in color, elongate, and Bhghtly 
tapering at one end Length, 1 75 mm , width, 0 4 mm The 
yellowish coloration is due to the young larvae, the shells being 
creamy-white after hatching The young larvae, upon emerging, 
were covered with a heavy pubescence, but both color and 
amount of pubescence change as the larvae grow Full-grown 
larvae found the previous fall were a dull white, and exhibited 
only a small amount of pubescence along the sides of each seg¬ 
ment and on the posterior end. 

Observations to determine the method by which the larvae 
reach the roots, where the full-grown larvae are to be found, 
were impossible at the time these studies were made. F C 
Craighead stated in a letter to me that he believed the larvae 
made their way down to the roots through the hollow portions 
of the stem, eating their way through the mtemodes 

The abundance of the latex in healthy strong plants might 
account for the female’s seeking the less vigorous plants for 
ovipositing Extensive feeding of the adults on the leaves and 
stems causes a large amount of latex to exude from the feeding 
punctures. The feeding of the previous year’s larvae in the 
roots brings about a premature yellowing of the leaves, resulting 
in a reduced vigor of the plants. This was noticed in the field 
dunng the time of the laboratory observations, but an examina¬ 
tion of the weakened plants, under natural conditions, yielded 
no eggs 


Uniysrsity of Michigan 



THE LAND VERTEBRATE COMMUNITIES OF 
WESTERN LEELANAU COUNTY, MICHIGAN, 
WITH AN ANNOTATED LIST OF THE MAM¬ 
MALS OF THE COUNTY 

ROBERT TORRENS HATT 
INTRODUCTION 

The following paper is written from material gathered in 
Western Leelanau County, Michigan, from July 0 to September 
15, 1921, from a number of observations made during the sum¬ 
mer months of 1916, 1917, and 1918, from information supplied 
by several residents of the county, and from a few previously 
published records. During 1921, Leland was made the base of 
work. From August 17 to August 28, camp was established 
on Good Harbor Bay at the mouth of Traverse Creek A trip 
was made to North Mamtou Island in 1918. 

The region between Sleeping Bear Point and Gill’s Pier was 
rather thoroughly covered on foot, while other parts of the 
county were surveyed from automobile 

As intensive field work was carried on only in the western 
part of the county lying between Pyramid Point and Gill’s Pier, 
and east of the shore-line from one to five miles, the analysis of 
the habitats is limited to this area, although it is probable that 
the descriptions would apply fairly well over the whole county. 

It has been attempted to make the lists of the mammals 
complete. The birds listed are those seen or collected All the 
reptiles and amphibians found were noted and usually collected. 
For a few of the habitats the lists of plants approach complete¬ 
ness from the standpoint of the typical places studied, but m 
most oases it was not convenient to collect and identify all the 
plants found, and only general statements can be made. The 
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specimens collected are deposited m the Museum of Zoology, 
University of Michigan. 
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TOPOUBAPHY 

Leelanau County is a part of the Southern Peninsula of 
Michigan and roughly has the form of a triangle, bounded on 
the west by Lake Michigan, and on the east by Traverse Bay, 
while Grand Traverse and Benzie counties he to the south 
Also included in the county are South and North Mamtou 
islands, and South and North Fox islands, lying to the west 
and north m Lake Michigan One other small island, Bellow 
Island, lies m Northport Bay. 

The county is twenty miles wide at its base, while from the 
county line to the northernmost point of the mainland, it is 
thirty miles long The mainland has an area of two hundred 
and thirty-two square miles, twenty-three square miles of which 
are occupied by thirty-two lakes The largest of these lakes is 
Lake Leelanau (See Plate XXIV, Fig. 1), with an area of ten 
square miles, while Glen Lake, with an area of seven equate 
miles, is second m sise. In all of these lakes the shore line is 
fairly regular and typical of a mature development. The lake 
basins are glacial in origin The larger lakes all have a visible 
outlet, but the greater number m the county have no surface 
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outlet There are only three large streams, but there are many 
small streams that flow the entire year 

The greater portion of the Lake Michigan shore is bordered 
by sandy lake-bed deposits, often drifted into dunes, but usually 
covered with a light timber growth Occurring as breaks in 
these deposits are land-laid moraines, which in such places as 
Pyramid Point and the shore north of Lcland (See Plate XXV, 
Fig 1) have been exposed to constant wave action, and steep 
clay bluffs have been formed The greater portion of the in¬ 
terior of the county w composed of such moraines and typified 
by a lightly dissected, rolling topography Along the borders 
of Lake Leelanau occur some sandy lake-bed deposits In the 
northwest part of the peninsula there is a strip of boulder-clay 
plains on which are a number of drumlins with a northwest, 
southeast trend 1 

This area supports little timber and is extensively used for 
agriculture In the southeastern and south-central part of the 
county is an extensive outwash plain which contains a large 
number of very small lakes, but no large ones South Mamtou 
Island is largely a land-laid moraine with a few drifting sand- 
dunes towards the higher western edge North Mamtou Island, 
the largest of the islands of the county, contains fifteen square 
miles Its northern portion is composed of land-laid moraines, 
while its southern portion is largely sandy dnft and lake-laid 
deposits, with many large shifting dunes The Fox Islands are 
predominantly lake-bed deposits, with a few drifting dunes, 
but with most of the surface covered with a hardwood forest 

HISTORY 

There was formerly a rather large Indian population in 
this county and abundant evidence of their occupancy remains 
The region was probably inhabited in turn by the Chippewas 
Huron*, and Ottawas * The region was unknown to white men, 

1 Leverett, Frank Map of the Surface Formatione of the Southern 
Peninsula of Michigan Geological Survey of Michigan , Larnung, 1911 

1 Littell, Joseph, Letand, pp 1-61 Indianapolis Printing Co, 1920 
Privately published* 
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with the probable exception of a few trappers, until 1848, when 
the first white settler arrived at Bleeping Bear Bay Some other 
settlers arrived in the next few years, and a dam was con¬ 
structed across the stream at the present site of Leland This 
impounded the waters of the three lakes which drained into 
this stream, and formed one long lake which is now known as 
Lake Leelanau From the years 1860 to 1890, lumber opera¬ 
tions were m full sway and the greater part of the original 
forest cover was removed As this industry died many of the 
flourishing villages wore deserted, and the occupants either 
moved to other regions or devoted their time to agriculture or 
commercial fishing About 1900, summer resorters were at¬ 
tracted to the region and since that time summer cottages have 
increased in number to such an extent that the shore habitats 
have become increasingly altered The Indians have all but 
disappeared The major portion of the county is now cleared, 
but not extensively developed agriculturally The only con¬ 
siderable cover of virgin timber left is in the vicinity of Glen 
Lake 


HABITATS 


The habitats wore not studied with equal completeness, 
neither are they of equal extent or importance, and perhaps in 
many places could well be subdivided further than I attempt 
Further investigation would doubtless reveal other communi¬ 
ties than those here recognized, but it is the author’s belief 
that the major habitats are as here described. These, so far 
as the vertebrates are concerned, certainly would not be quite 
the same on the islands 


During 1921 there was so little rainfall that the shores 
were wider than m most years, and the relation between the 
vegetation and the water's edge was m general quite unusual 
The habitats recognized may be listed as follows: 

Exposed Shore Protected Shore* 


Open water 
Beach 
Clay Muff 
Moving dune 
Forested lake-border 


Submerged vegetation 
Floating vegetation 
Mud-flat 
Cattail 

Herbaceous lake-border 
Willow thicket 
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STREAM CONDITIONS 

Aquatic 
Gut bank 

Herbaceous stream-border 
Forested stream-border 

Meadow 

Meadow 

Swamp 

Cedar swamp 
Boa 

Leather-leaf bog 


Fohkrt 

Dry deciduous forest 
Wet deciduous forest 
Conifer forest 

Air 

Aerial 

Burn and Clearing 
Grass field 
Sumach 

Overgrown clearing 

Artificial Conditions 
Cultivated field 
Orchard 
Edtficanan 


The habitats will be described in the order in which they 
are listed. 


EXPOSED SHORE 


Open water habitat 

Poddymbus podiceps Pied-billed grebe Occasional 
Oatia turner Loon Rare 
Larue argentalus Herring gull Common 
Mergue amencanns Goosander Seasonally common 
Branta canadensis canadensis Canada goose Rare 
Ursus amencanus amencanus Black bear Rare 
Ondatra nbelhtca nbethiea Muskrat Rare 

This habitat includes the waters off exposed shores in places 
where wave action keeps the bottom free of rooted vegetation 
The bottom vanes in texture from a fine sand to large boulders 
Where rooks afford protection, crawfishes and other inverte¬ 
brates are often numerous 

This habitat oocurs in Lake Michigan and the greater por¬ 
tions of the shore linos of Lake Leelanau and Glen Lake, while 
such areas occur m small patches m most of the other lakes 

No mammals were collected, but in Lake Leelanau muskrats 
have been seen in this habitat and a bear has been taken at 
Glen Lake Muskrats are conspicuoulsy absent m the northern 
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part of Lake Leelanau, where thin habitat prevails, but are 
abundant near the narrows at Provcmont, where extensive 
rooted vegetation occurs 

Beach habitat 

Bvfo fowlen Toad Numerous at night 

Rana cantabngams Wood frog Occasional 

Chrysemys marginata marginata Painted turtle Rare 

Laras argentatus Herring gull Numerous 

Sterna hirundo Common tern Occasional 

Pisobia mmutilla Least sandpiper Rare 

A otitis marulama Spotted sandpiper Common 

Oxyechus vomfmm Kill deer Common 

Corpus brachyrhynchos brachyrhynchos Crow Abundant 

Quiscalus quxsenda omens Bronzed gracklc Occasional 

Mdospiza melodta rnelodia Song sparrow Common 

Vnlpes fulva Red fox Tracks Rare 

Procyon lotor lotor Raccoon* Tracks Occasional 

Mustela noveboraeentns novebaracmsis New York weasel Numerous 

Mustela nson mink Mink Occasional 

Mephitis mephitis nigra Skunk Common 

Peramyscus leucopus noveboraccnsis Northern deer-mouse Common 
Scturus nxger mfiventer Fox squirrel Rare 
Sciurus carohnenms leucotis Gray squirrel Rare 
Olaucomys sahnnus macrotis Canada flying squirrel Rare 
Sylvtlagus flondanus meamm Cottontail Common at night 

This habitat varies from a few feet to three hundred feet in 
width The ground varies from a fine sand to a coarse gravel 
Often the Lake Michigan beach is distinctly divided into three 
belts, but these are not sufficiently distinct as to vertebrate 
fauna to be recognized as separate habitats These belts are 
(1) a strip of barren beach, (2) an area of driftwood, and, 
(3) where the beach is preeminently sandy, an area of beach* 
grass (Ammophila arenana) In the wider areas, other plants 
occasionally occur m greater or less abundance notably the 
beach-pea (Lathyrus mantimus), and poison-ivy (Rhus toxico¬ 
dendron) During heavy storms small lagoons often form and 
persist for a few days. There are a few semi-permanent lagoons 
too, but these are too small to be of importance. 

The open beach extends in a practically continuous strip 
along the shore of Lake Michigan, between the water's edge and 
the clay bluffs, the forest, or the sand-dunes Along the smaller 



Land Vertebrate Communities 375 

lakes this habitat is poorly developed, and has little or no 
vegetation growing on it 

Clay-bluff habitat 

Bufo fowkn Toad Common 

Tkamnopkts sirtaUa airtolia Gaiter snake Numerous 

Hahaeetua leucocephalua leucocephalua Bald eagle Rare 

Ceryle alcyon Kingfisher Common 

Tyrannun lyrannua Kingbird Common 

Sayomia phoebe Phoebe Numerous 

Cyanoeitta cristate cnetata Blue jay Occasional 

Corvus brachyrhynchoa brachyrhynchoa Crow Abundant 

Molothru8 aier ater Cow bird Common 

Agdaxue phoemccu* phoenuseus Red-winged blackbird Numerous 
Aatragalmua tnsha tnaha Goldfinch Numerous 
Spizella pasaerina pasaerina Chipping sparrow Common 
Meloapiza melodic melodic Song sparrow Abundant 
Mdoaptm georgiana Swamp sparrow Occasional 
Rtpana nparxa Bank swallow Large nesting colonies 
DumateUa carciinenna Catbird. Occasional 

Penthesiea atncapiUus atncaptllua Black-capped chickadee Common 
Planeettcus imgratonua migratorius Robin Common 
Vvlpee fulva Red fox Rare 

Musleta noveboracerma noveboracenaia New York weasel. Numerous 
Mephitis mephitis nigra Skunk Occasional 

Peromyecus leucopua noveboracenaia Northern deer-mouse Occasional 
Marmota monax rufescens Woodchuck Occasional 
Scturus hudaomcua loquax Red squirrel Occasional 

The clay bluffs are found only along Lake Michigan and 
attain then maximum development just north of Leland They 
range from sixty to one hundred and twenty-five feet in height 
Steep exposed slopes below sixty feet in height are generally 
forested and therefore are not included in this habitat The 
soil is a sandy clay, containing large boulders, and, locally, 
heavy gravel deposits Near the top of the bluffs the soil is 
comparatively dry, but near the base it i& well saturated and 
small landslides are frequent 

The lower border is bounded by the beach and the upper 
by a narrow belt of trees or an open field The upper third of 
this habitat is usually a steep barren clay bank, often with a 
vertical drop of ten feet or more. Here are many bank swallow 
nests and some fox holes. Below this, many herbaceous plants 
take root, such as the horsetail rush {Equxsetum hyemale ), red 
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clover (Trifohum pratense) t sow thistle (Sonehus arvensis ), 
goldenrod (Sohdago canadensis ), and some grasses Further 
down, the woody plants have a foothold The most abundant of 
these are the poison ivy (Rhus toxicodendron ), leather-leaf 
(Chamaedapkne calyculata) } quaking aspen ( Populus tremuloide*), 
pin cherry (Prunus pennsylvantca) i paper birch ( Betula alba 
papynfera), and arbor-vitae ( Thuja occidentahs) 

Movmg-dune habitat 

This habitat is of barren moving sand Occasionally along 
the sides there is a fringing growth of beach grass (Ammophila) 
No collecting was done on these duneR, but certainly no verte¬ 
brates make their homos here There were numerous tracks 
crossing the dunes, however, and those of fox, rabbits, and 
mice were identified 

The only moving sand-dunes that occur in well-developed 
form m the area studied, are on Pyramid Point 

Forested lake-shore habitat 
Procyon lotor lotar Raccoon Reported 

Mvstela novcboracensts noveboracensu New York weasel Common 
Mustela vison mink Mink Reported 
Mephitis mephitis nigra Skunk Numerous 

Peromyscus leucopus noveboracemna Northern deer-mouse Common 

Erethizon dorsatum daraatum Porcupine Signs 

Tamtas atnaius lysten Chipmunk Occasional 

Scvurua caroltnensis leucotia Gray squirrel Occasional 

Scvurus hudsonicua loquox Red squirrel Common 

Olaucomya aabnnua mucrotia Flying squirrel Occasional 

Sylnhgus ftondanus mearnm Cottontail Occasional 

In character this habitat is little different except for the 
presence of water from the other forest habitats described later, 
but its fauna is somewhat different. It may be defined as a 
strip of forest adjacent to an exposed shore, used by certain 
vertebrates which do not penetrate far mto the forest No 
special collecting was done in this habitat, so only specimens 
secured at random or reported are listed 

This habitat occurs extensively along lakes Michigan and 
Leelanau, and to a lesser degree on the smaller lakes 



Land Vertebrate Communities 


377 


PROTECTED SHORE 

Submerged-vegetation habitat 

hectums maculoms Mud-puppy Reported 

Rana jnjncns leopard frog Abundant 

Rana clamitanR Green frog Common 

Natnz 8ipedon Water snake Occasional 

Chdydra serpentina Snapping turtle Occasional 

Ckrysemys marginata marginata Painted turtle Common 

PodUymbus podiceps Pied-billed grebe Common 

Gama i mmer Loon Occasional 

Sterna hirundo Common tern Occasional 

Anas rubnpcs Black duck Occasional 

Mania amencana Redhead Occasional 

Ceryle alcyon Kingfisher Common 

Ondatra nbethica zibcthica Muskrat Common 

This habitat is characterized by the growth of Potomogoton, 
Chara, and other submerged plants Food m the form of 
fishes and insects is abundant here. Animals other than those 
listed certainly pass over the frozen surface in winter 

Areas of this sort occur m Lake Leelanau and cover the 
major poition of the smaller lakes In Lost Pond this habitat 
includes all the Lake 

Floating-vegetation habitat 

Rana jnptcna Leopard frog Abundant 

Rana clamitana Green frog Common 

Chelydra serpentina Snapping turtle Occasional 

Chrysemys marginata marginata Pam ted turtle Abundant 

Podtlymbus podteeps Picd-billed grebe Common 

Botavrus lenttginosu*. i Bittern Occasional 

Arden herodtas herodxas Great-blue heron Occasional 

Hdodromas sohtanus sohtarius Solitary sandpiper Lingering migrant 

Acttiis maculana , Spotted sandpiper Abundant 

Oxyechus voajerus Killdeer Common 

Qutscalus qutsctda aeneus Bronsed gracklo Numerous 

Condylura cnetata. Star-nosed mole Rare 

Ondatra sibethtca nbethica Muskrat. Abundant 

The white and yellow water-hhes (<Castalia odorata and 
Nymphaea advena) are distinctive of this habitat in most places 
The presence in other lakes, notably in Duck Lake, of large 
floating rafts of duckweeds (.Lmna sp.), pondweed (Potomogeton 
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sp.), Chara ap , and other plants, is characteristic. Large num¬ 
bers of wading birds feed on these rafts 

This habitat is extensive in the small lakes and the narrower 
parts of Lake Leelanau 

Mud-flat habitat \ 

Rana pijnens Leopard frog Abundant 
Rana damttans Green frog Abundant 

Helodromai sohtanus sohtamu Solitary sandpiper Common in August. 

Achtu maeulana Spotted sandpiper Abundant 

Oxyechvs voctfenu Killdeer Abundant 

Cornu brachyrhyneos brachyrhyncoe Crow Common 

Condylura crutata Star-nosed mole Rare 

Blanna brmeauda talpotdes Short-toiled shrew Rare 

Procyon fotor lolor Raccoon Tracks abundant 

Mmtela noveboracensts noveboraeeneis New York weasel Numerous 

Mustda mion mink Mink Tracks occasional 

Mephitis mephitis nigra Skunk Common 

Peromyscus leucopus noveboracensts. Northern deer-mouse Rare 

Ondatra nbethica nbethxca Muskrat Common 

Sylnlagus flondanus meamm Cottontail Occasional 

In ordinary years mud-flats are practically non-existent, 
while in a season of drought, such as that of 1921, this habitat 
is well developed around many of the small lakes In 1921 
it varied in width from two or three feet to fifty feet Its soil 
aspects differ on different lakes Along Lake Leelanau it is a 
light silt, heavily mixed with sand At Duck Lake it is of a 
very mucky character, and in places is totally composed of or¬ 
ganic ooze The Loon Lake flats are of heavy marl Nearest 
the water’s edge the flat is usually barren. Farther back, plants 
grow Among the species in greatest abundance are Sctrgms 
eypennus, Calamagrostta t nexpanaa, Equiaetum hyemale, and 
Equisetum arvenae. 

Wading birds are numerous in this habitat, but few could 
be identified At Duck Lake the star-nosed mole seems to 
prefer this situation for its burrows, the carnivores for a high¬ 
way, while muskrats crossed it to obtain food. 

Cattail habitat. 

Rana pipiens Leopard frog. Numerous. 

Rana damitans Green frog. Occasional. 
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Ratine nrgtnianua Virginia rail Occasional 

Agelatua pkoemceua phoenteeua Red-winged blackbird Numerous 

Vermiwra rubrxeajnUa rubncapUla Nashville warbler Rare 

Prooyon lotor lotor Raccoon Tracks occasional 

Peromyacus teucnpus noveboracenat* Northern deer-mouse Occasional 

Ondatra nbethica nbethica, Muskrat Numerous. 

In this habitat the dominant plant, Typha lahfoha , grows 
so densely that almost all others are excluded Part grows on 
ground that ib covered by water, but the major part is on moist 
earth The height and density of the growth make food, light, 
and travel conditions greatly different from the mud-fiat habitat 
In places it is so dense that the larger animals go around it 
rather than through it 

This habitat occurs locally on most of the lakes of the 
county and is dominant on a few 

Herbaceous lake-border habitat 

Rana jnpiena Leopard frog Common 

Rana clamtians Green frog Occasional 

Tkamnopkis strtahs at Halts Garter snake Common 

Ststrums catentatua catentatua Rattlesnake Reported 

Archtlochu* colubrta Ruby-throated hummingbird Occasional 

Agelatua pkoemeeua pkoemeeua , Red-winged blackbird Occasional. 

Aatrayahnuu trtatu tnatm Goldfinch Numerous 

Meloapua melodia melodia Bong sparrow Abundant 

Blanna bremcauda talpoid68 Short-tailed shrew Occasional 

Muatda noveboracenaia noveboracenats New York weasel Occasional 

Mephitis mepkttia nigra Skunk Occasional 

Peromyaeua leueopus noveboraotnsts Northern deer-nouse Abundant 
Microtia pennaylvamcua pennaylmntcua Meadow vole Numerous 
SylvUagua fiondanus meamnt Cottontail Occasional 

Protected areas often have a considerable herbaceous growth 
of a type notably different from those hitherto described This 
community vanes in different places in accord with the soil 
conditions, available moisture, light and other factors, but the 
difference in vertebrate fauna is not strongly enough marked to 
justify subdivision Marsh grasses mints, jewel-weed, cardinal 
flower, and plantains are typical of this habitat. A list of those 
plant species which were found most commonly in an area 
studied along the southern shore of Duck Lake is representa¬ 
tive, and is given on the following page 



380 


Robert Torrens Hatt 


Ranunculus hisptdus Buttercup 
Tnfohum pratense Red clover 
Tnfohum repens White clover 
Impatiens nohrtangere Jewel-weed. 

Nepeta catena Catnip 

Lycopus Europaeus Water horehound 

Mentha arvensis Lanata Mint 

Plantago major Common plantain 

Plantago lanceolate Ripplo-graafl 

Lobilta cardtnalis Cardinal flower 

Eupatortum purpureum maculatum Joe-pye weed 

Eupatonum perfohatum Bonset 

Sohdagn erecta Goldenrod 

Sohdago tenuyfoha Goldenrod 

In places this habitat has a notwoik of runways m it, largely 
the work of the incadow-volcs It vanes in width from two or 
three feet to two hundred feet 

Willow-thicket habitat 

Rana pxpiens Leopard frog Rare 

Dryobatcs pubescent medumus Downy woodpecker Occasional 
Astragahnue Instis tnstis Goldfinch Numerous. 

Peromyxcus leucopus noveboracensis Northern deer-mouse Common 
Sylmlngus jlondanus meanuni Cottontail Occasional 

Back from the herbaceous area of the lake border there is 
often a willow thicket at the forest edge Only one species of 
willow was found growing m such groups, the black willow 
(Sahz nigra), and but rarely were the seedlings of other trees 
seen m these clumps Often however, there is an undergrowth 
of herbaceous plants of species similar to those mentioned m the 
herbaceous lake-border habitat, but m less abundance Al¬ 
though traps were kept in this habitat for several days, but a 
few specimens of decr-mice were taken 


STREAM CONDITIONS 


Aquatic habitat 

Rana ptptens Leopard frog 

Natrtx tttpedon stpedon Water snake 

Chelydra serpentina Snapping turtle 

Ckrysemys marginata marginal a. Painted turtle 

Lutra canadensis canadensis Otter Reported. 

Ondatra nbethica stbethtca Muskrat 
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The streams of the region support little aquatic vegetation, 
what little there is, is confined to the borders Some of the 
streams are quite sluggish, but in most of them there is a fairly 
rapid flow The bottoms are usually sandy or gravelly On 
stream borders the following plants were identified arrowhead 
(Sagittarui lattfoha hastata and S heterophylla ), white water 
lily {Cantaha odorata) , water-plantain (Alinma Plantago-aquat%ca) f 
water aium (Calla pa/ustm), and many grasses and sedges 

Cut-bank habitat 

Bufo foivlen Toad Occasional 

Rana ptpu-ns Leopard frog Occasional 

Chelydra serpentina Snapping turtle Eggs found 

Mustcla mson mink Mink Tracks numerous 

Peroniysctis Ivuc&pw * novcboracenxis Northern deer-mouse Rare 

SylvUayus jlorulanua meamsii Cottontail Occasional 

Along some of the streams are found cut banks of sufficient 
size to be recognized as a distinct habitat The bank is usually 
sandy This habitat is barren of plant life and differs from the 
other stream habitats mostly m negative characters Trapping 
here brought few specimens 

Herbaceous stream-border habitat 

Rana pipirns Leopard frog Abundant 

Chrysemys marginata marginata Painted turtle Common 

Rallus wrginumu* Virginia rail Numerous 

Parzana Carolina Bora rail Occasional 

ActUis maetdana Spotted sandpiper Occasional 

Sayvmu phttebe Phoebe Numerous 

Molathrus aler attr Cowbird, Common 

Astrayahmis tnstis tnstis Goldfinch Common 

Pooecetes gramtneus gramtneus Vesper sparrow. Common 

SptzeUa pa&senna passmna Chipping sparrow/ Abundant 

Melospiza mdodta mdodia Song sparrow Abundant 

Vireosyha cltvacea Red-eyed vireo Numerous 

PlancsHcus imgratonus migratorvm Robm Abundant 

Stalta stalls si alts Bluebird Occasional 

MephtHs mcpkUts nigra Skunk Occasional 

Peromysous Uuoopus novebaracerms Northern deer-mouse Abundant 
SynapUmys ooopen lemming vole Rare 

Murotis pennsylvantcus pennsybanicus Meadow vole Occasional 
Ondatra abethica fcibethtca Muskrat Occasional 



382 


Robert Torrens Halt 


This habitat varies greatly m character and in most places 
is preeminently artificial The area which I studied is not 
disturbed by grazing, and conditions are at least approximately 
primitive Collecting was done along Traverse Creek 

Where the banks are low the stream is ordinarily fringed 
by a belt of sedges Immediately back of these occurs a rank 
growth of grasses, mints, jewel-weed, nettles, berry hushes, and 
other plants* Commonly the growth is four or more feet high 
The habitat is considered as extending back from the stream’s 
edge about twenty-five feet when 1 the conditions are the same 
for a greater distance from the stream. 

Forested stream-border habitat 

No collecting was done m this habitat and consequently 
little js known of its fauna Where the streams are bordered 
with forests, the trees are all of small size, as these areas were 
cleared when the district was lumbered The usual trees are 
hemlock, arboi-vitae, black birch, and sugar-maple 

MKADOW 

Meadow habitat 

Meadow conditions occur only in a few limited areas and 
there was no opportunity to study these 


SWAMP 


Cedar-swamp habitat 

Rana ptpums Leopard frog Abundant 

Rana canlabrtgenete Wood frog Common 

Dryobates nllomis nUosue Ilairy woodpecker Hare 

Dryobates pubescent tnedtanue Downy woodpecker Numerous 

Op&romie Philadelphia Mourning warbler Occasional 

PentkestcB atncaptUun atncapilluB Black-capped chickadee Abundant 

Muslela nowboracetme noveboracentns New York weasel Tracks abundant 

Musida neon mtnk Mink Tracks common 

Mephabie mephttxa nigra Skunk Occasional 

Peromyscue kucaput nowborarmsis Northern deer-mouse Common 

SynapUmys coopen Lemming vole Hare 

Ewtomy* gappen gappen Red-backed mouse Abundant 

Microbe penneylvamcue pmneyhantaus. Meadow mouse. Occasional 
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&ciuru« kudwntcua loquax Red squirrel* Hare 

Lepus amerxcanus amenoanits Snowshoe hare. Reported abundant 

The growth in this habitat is very dense and travel through 
the swamps quite difficult Often there is a great deal of 
stagnant water, while in the swamps at the ends of lake Lee¬ 
lanau there are small streams The white cedar ( Thuja occi- 
dentahs ) is dominant, while a few tamarack ( Lanz lancina ), 
willow ( Sahx sp) f canoe birch ( Betula alba papynfera), and 
ash compose the major part of the tree covering Few of the 
trees attain a diameter of more than one foot The soil is deep, 
rich, and moist The ground is cither barren or covered with 
mosses, liverworts, and grasses Many logs, mostly well along 
m decay, directly on the ground, suspended above it, or lying 
across the stream, furnish highways and shelter for the mammals, 
and homes for many invertebrates Black ants are so numerous 
that most of the small mammals trapped were badly damaged 
by them before they could be collected Mosquitoes are very 
abundant in the summer months The streams contain many 
small fishes, and thuB mink are atti acted along them The 
streams have a dense growth of a species of arrowhead ( Sagit - 
tana sp) and water arum ( Calla palwitns) 

Cedar swamps occur in low lands throughout the county, 
notably along the shores of Lake Leelanau 

BOO 

Leather-leaf bog habitat 

Circus kudsonvua Marsh hawk Occasional 
Tyrannus tyranuu «. Kingbird Numerous, 

Molothrus ater (tier. Cowbird Common 

Agelaius phoentoeue phoemoeua Red-winged blackbird Numerous 
Melospiza tnetodia mdodxa Song sparrow Abundant 
DumateUa carohnmste Catbird Occasional 
Troglodytes aedon aedon House wren Occasional 
Blarina bremcauda talpmdea Short-tailed shrew Rare 
Mephitis mephitis nigra Skunk Common 

PeromyeeuB leuoopus novebomomms Northern deer-mouse Common 
Sciurue htudeomeus loquax Red squirrel Rare 

The only bog conditions found were in a depression north 
of Leland, bordered on the one hand by a dry field and on the 
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other by a dense forest The dominant plant is the leather-leaf 
(Chamaedaphne calyculata) t while the bog reed-grass ( Calama - 
grostis con finis) , wool-grass (Scirpus cypennus ), and cattail 
{Typha latifoha) are unevenly dispeised through the habitat 
Sphagnum covers the bases of the bushes and m ordinary years 
some forms of algae grow in the stagnant water, which then 
stands over tho ground In 1921 because of the drought there 
was no standing watei whatsoever, and probably the fauna is 
usually quite different from that recorded in this yeai Several 
species of beetles, grasshoppers, and katydids are abundant in 
this habitat 


FOREST 

Dry deciduous-forest habitat 

Banana umheU-us umhdlun Ruffed grouse Common 

Dryobates pubescenn medianns Downy woodpecker Common 

Colaptva nnratuH Lutcus Flicker Numerous 

AnirosUmms voafems vociferun Whippoorwill Occasional 

Mytochanes mmw Wood powee Common 

Cyanocttia enstata enstata Blue jay Common 

Carvu* brachyrhynchoK braehyrhynchoH Crow Abundant 

Sptsella passenna passenna Chippmg sparrow Common 

Ptpilo erytkroptkalmus erythropthalmus Chewrnk Common 

Piranga erythramelas Scarlet tanager Rare 

Setophaga ntitctUa Redstart. Occasional 

Bxita carohnemm carohnensis White-breasted nuthatch Common 
StUa canadensis Rod-breasted nuthatch Rare 
Pentheatea atncapiUu* atncapUlvs Block-capped chickadee Abundant 
Planesltcua rntgratonus migratonua Robin Abundant 
Procyan lotor lolor Raccoon Reported 

Peromyaeua leucopna noveboracenna Northern deer-mouse Abundant 

Tamtas stnatus lysten Chipmunk Common 

Scturus kudsontcus loqpox Red squirrel Abundant 

Scturua carolincnsts leucoha Gray squirrel Common 

Scturus ntger rujiventer Fox squirrel Numerous 

Glaucomya aabnnua mocroha Flying squirrel Reported 

The dry deciduous forests are extensive. They are com¬ 
posed largely of mature beech, oaks, and maples The forest 
crown u high and dense. Undergrowth is scanty and consists 
mainly of seedlings of these same species of trees The forest 
floor is thickly carpeted with leaves and mosses, in this type 



Land Vertebrate Communities 


385 


of forest are found fox squirrels, chipmunks, and raccoons, 
whereas in the damp deciduous forests these are either not so 
abundant, or totally absent The factors controlling distribu¬ 
tion between these two types of forests are not known, although 
it seems possible that the greater abundance of acorns here 
might lie a deciding factor m the case of the fox squirrels and 
chipmunks, and the greater number of hollow trees a factor 
that would favor the raccoons The red squirrels, which seem 
to thrive on the pme seeds would not be expected to respond 
so closely to the influence of acorn abundance 

Wet deciduous-forest habitat 

Plethodtm cinereutt Red backed salamander Abundant in rotten logs 

Hyla crucifer Spring peeper In rotten stump Rare 

Bonasa umbellus umbelLus Ruffed grouse Common 

Drydbates pubescens medtanus Downy woodpecker Octasion&l 

Mytochanes wrens Wood pewee Common 

CyanocUta enstata enstata Blue jay Numerous 

Seittrus aurocapiUus Oven bird Numerous 

Sitta carolmen8%8 carohnen&ut White-broastcd nuthatch Occasional 
Sitta canadensis Red-breasted nuthatch Rare 

Penthestes atncaptUus (UncaptUua Black-capped chickadee Common 
Plane&ttcus nogratonus mtgratonus Robin Common 
Blanna bremcauda talpoxdes Short-tailed shrew Abundant. 

\ uipes ftdva Red fox Reported 
Mephitis mephitis nigra Skunk Occasional 

Peromyscus leucopus noveboracensw Northern deer-mouse Abundant 
Erethizon dorsaiwn dorsatum Porcupine Reported 
Tamtas stnaius lysten Chipmunk Occasional 
Sciurus hudsontcus loguax Red squirrel Common 
Glaucomys eabnnus macrotu Flying squirrel Reported. 

Sylntagus flondanus meamsit Cottontail Occasional. 

Mature trees occur in the low areas and near the lakes, some¬ 
times forming a dense canopy overhead Usually, however, the 
younger trees form the mass of the forest and’shut off the light 
so effectively as generally to exclude green plants from the 
forest floor, Indian pipes (Monotropa uniflora), coral fungi, and 
toadstools, are often found in these situations. In a few places, 
large ferns and bearberry grow luxuriantly. Fewer sugar- 
maple and yellow birch, but more linden grow here than in the 
dry deciduous forests. Hemlocks and pines occur, but are few 
in number Well rotted logs are more numerous and furnish 
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suitable homes for some of the amphibians In one locality 
trapped, the bob-tailed shrews were the most numerous mammal 
found, the ground carpet was an intricate network of their 
burrows, but the condition seemed to be quite local, for in 
areas apparently physically like this, no shrews were found 

Conifer-forest habitat 
Vulpes fvlva Red fox Reported 

Peromyscus leucopus novcboracensis Northern deer-mouse Common 
Erethuon dorsatum dorsaturn Porcupine Reported 
Sciurus kudsontcus loquax Red squirrel Common 

There is little forest left that is predominantly composed of 
conifers, but such areas do occur and seem to differ m faunal 
association from the forest types hitherto described Pmes, 
hemlocks, and balsam fir are the most abundant of the conifers, 
while beech, maple, birch, and linden are sparsely scattered 
throughout The forest floor is composed of a heavy mat of 
needles, usually underlaid by sand, or sometimes covered with a 
low growth of mosses, wintergreen, and a few seedlings There 
is little underbrush and the trees generally grow closely to¬ 
gether. 

AIR 

Aerial habitat 

MyoU* luctfugu* lucifugus Little brown bat 
Nyctens borealu bctrtalt* Red bat 

But two species of bats, the only aerial mammals, were 
taken It is useless to list here the birds seen, as the list would 
include virtually every species noted in the region 

BURN AND CLEARING 

Grass-field habitat* 

LampropeU ta tnangttium triangulum Milk snake Hare 
CorvuB brachyrhynco* brachyrhynoos Crow Abundant 
MdoikniB ater afar Cowbird Common 
Sfumetto magna magna Meadowlark. Common 
Attragahnvs tru&u tn*U* Goldfinch Occasional 
Pooecetes gramtneut gramtneus Vesper sparrow Abundant. 

Spitella pasaenna patsmna Chigpmg sparrow Common 
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Planesticus mtgratanus mtgralonus* Robin Common 
Siaha nob* malts Bluebird Numerous 
Scalopue aquatvcus machnnus Mole Occasional 
Mephitis mephitis nigra. Skunk Common 
Taxidea taxus taxus Badger Reported 

Peramyscus leueopus noveboraeeneis Northern deer-mouse Occasional 
Sylmlagus florulamis meamsn Cottontail Numerous 

Several extensive areas of dry grass-land were found Some 
of these are former cultivated fields which have been allowed 
to revert to a wild condition On the other hand, some of 
them are almost certainly primitive They are covered with 
short grass (dry during the summer months), and, usually, milk¬ 
weed, butter-and-eggs ( bi.naria vulgaris ), mullein, and other 
herbs No stumps or logs are found m this habitat Grass¬ 
hoppers are very common 

Sumach habitat 

There are distinct areas throughout the region, in which 
dense growths of sumach are predominant, with an undergrowth 
of grasses, milkweeds, goldenrod, and tall ferns No collecting 
was done in these habitats, and no forms can be listed. 

Overgrown-clearing habitat 

Tkamnophxs sxriahs sirtahs Garter snake Common. 

Zenaidura macroura caroknensrts Mourning dove Occasional 
Bubo platypterus Broad-winged hawk Occasional 
Haliaeetus leucoeepkalus leucooephalus Bald eagle Occasional 
Dryobatee pubescens medianus Downy woodpecker Common 
Sphyaptcus vanus vanus Sapsucker Numerous 

Melanerpee erythrocepkahn Red-headed woodpecker Numerous 
Colaptes avratus luteus Flicker. Numerous. 

Archtlockus colubru Ruby-throated hummingbird Occasional 

Tyrannue tyrannus Kingbird Common 

Soyorms phoebe Phoebe Common , 

CyanodUa enstata cnetata Blue jay Common 
Moloihrus ater a ter Cowblrd Numerous 
Astragahnu « tnshe truits Goldfinch Common 

Pooecetes grondneue gram incus Vesper sparrow Abundant 
Sptxdla passenna passenna. Chipping sparrow Abundant. 

Mdospua mefaha melodic Song sparrow Abundant 
PipUo erytimpthdlmuB erythropthalmus, Chewmk Common. 

Passmna eyanea Indigo hunting. Rare. 

Toxostoma rvfum . Brown thrasher Occasional 

SUta carohnensi* caroHnene ta* White-breasted nuthatch Comtnon. 
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Penthestes atncapiUus atncapiUus Black-capped chickadee Common 

PlanestxcuB rmgralonus mtgratonus Robin Common 

Siaha stalls stall* Bluebird Common 

Scalopus aguatxcus machnnus Mole Occasional 

Nyoteru borealis borealis Red bat Occasional 

Vulpes ftUva Red fox. Reported 

Lynx ruffus ruffus Bay Ivnx Reported 

Peromyscus leueopue noveboraoensu Northern deer-mouse Abundant 

Marmota monax rufescens Woodchuck Reported 

Tamtas strxatus lysten Chipmunk Abundant 

Sciurti* hudsomcus loquax Red squirrel Occasional 

Glauoomys sabnnus macrotts Flying squirrel Reported 

Lejrus amertcanus amenranus Snowshoe hare Reported 

SylvUagu* fiondanu a tneanmt Cottontail Common 

The clearings differ widely in degree of revegetation, but 
insufficient observations were made to warrant further division 
of this habitat Berry bushes and many forms of herbaceous 
plants compose the first stage of reversion Later, when birch, 
aspen, wild cherry, and other trees become dominant, the 
former plants form the underbrush Usually there are many 
logs, stumps, and brush heaps, with a resultant abundance of 
cover Chipmunks are the most conspicuous mammals in this 
habitat 


ARTIFICIAL CONDITIONS 

Cultivated-field habitat 

Oxyeckus voaferus Killdecr Abundant 
Corvus brachyrhyncoH brachyrhyncos Crow Abundant 
Molothrus aler alar Cowbird Common 
Quiscalus quiscula aeneus Bronzed gr&ckle Occasional 
Pooecetes gravnneus gramtneua Vesper sparrow Common 
SpiseUa passenna passertna Chipping sparrow Numerous 
Planestcus migratonus migratonus Robin Numerous 
Mephitis mephitis nigra Skunk. Common 

Peromyscus leueopus nowboraomsi* Northern deer-mouse Common 
Microtis pennsylvantcus penneylvanusus Meadow vole Occasional 
Marmota monax rufescens Woodchuck Occasional 
Sylvtlagu* fiondanu* meamsn Cottontail Occasional 

Cultivated fields comprise a great part of the area studied. 
They are planted with corn, potatoes, buckwheat, clover, and 
other products. Only random collecting was done in such places 
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and consequently the list of forms does not approach com¬ 
pleteness 

Orchard habitat 

Bufo Jowleri Toad Common 
Hyla versicolor versicolor Tree frog Rare 
Thamnophis sirtahs sirtahs Garter snake Abundant 
Dryobates pubescens medianus Downy woodpecker Common 
Sphyrapicus vartus vartus Sapsuoker Numerous. 

Tyrannus tyranny# Kingbird Abundant 

Sayomis pkoebe Phoebe Numerous 

CyanoaUa enstata enstata Blue jay Numerous 

Quucalv# qmscula aeneus Bronzed grackle Occasional 

Astragahnus tnstxs Inaita Goldfinch Common 

Passer domesttcua English sparrow Common 

Pooecetes gramineita gramtneus Vesper sparrow Abundant 

Spxzella passertna paasenna Chipping sparrow Common 

BombyaUa oedrorum Cedar wavwmg Common 

Vireosylva ohvacea Red-eyed vireo Numerous 

Dendrotca coronata Myrtle warbler Occasional 

Troglodytes aedon aedon House wren Abundant 

Sttta earohnensis earohnensis White-breasted nuthatch Abundant 

Penthestes atncapUlu# atncapillus Black-capped chickadee Common 

Planeattcus migratonus migratonus Robin Abundant 

Staha siahs malts Bluebird Common 

Mephitis mephitis nigra 4 Skunk Common 

Peromyscu# leucopus noveboracenst# Northern deer-mouse Abundant 
Rattus norvegicua Norway rat Occasional 
Marmota monax rufescem Woodchuck Occasional 
Tatmas stnatua lyaten Chipmunk Abundant 
Scturu* hudsomcua loquox Red squirrel Common. 

Orchards are abundant in this region and aie composed 
largely of apple, cherry, peach, and pear trees A few aic well 
cared for and the ground cultivated between the trees, and a 
few ore planted with buckwheat, but the majority are allowed 
to grow wild, with only an occasional mowing. Often the trees 
are old and have hollows in them which chipmunks and blue¬ 
birds use as homes. 

Edificarian habitat. 

Bufo fotden Toad. Abundant 
Thamnophta striata Garter snake Common 
Larue argmtatua Herring gull On pier Common 
Melanerpea erythrooephalue Red-headed woodpecker Occasional 
Chaetura pdagica. Chimney swift, Common 
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Archtioehu* colubrtt Ruby-throatod hummingbird Numerous. 

Sayomu phoebe Phoebe Common 

CyanocUta cnstata cnstata Blue jay Occasional 

Asiragalvnus irwtw tnsha Goldfinch Common 

Passer domestxcus English sparrow Abundant 

Sptiella passenna passenna Chipping sparrow Common 

Hxrundo erythrogastra Bam swallow Nest Common 

Bombycilia cedrontm Cedar waxwmg Common 

Vtrcosylva chvacea Bed-eyed Vireo Numerous 

Dendroxca coronata Myrtle warbler Occasional 

Troglodytes aedon aedon House wren Abundant 

PerUhestee atncapiUus atncajnllus Black-capped chickadee Common 

Planesttcus migratonus migratonus Robin Abundant 

Staha stall* stall* Bluebird Common 

MyoHs luctfugus luafugus Little brown bat Common 

Nyctens borealis borealis Red bat Numerous 

Mustda noveboracensxs noveboracerms New York weasel Occasional 

Mephitis mephitis nigra Skunk Occasional 

Peromyscus leucopus noveboracensts Northern deer-mouse Abundant 

Rattus norvegicus Norway rat Common 

iScuirus hudsonicus loquax Red squirrel Numerous 

This habitat includes all buildings and their immediate but* 
roundings. 


ANNOTATED LIST OF MAMMALS 

Scalopm aquaticus machnnvs (Rafineaque) Prame mole. 

This mole is not uncommon in cleared places m the county. 
Burrows were seen along the roadside in sandy soil, near Trav¬ 
erse Lake, in a clearing on Pyramid Point, and along the road¬ 
side near the forest edge north of Leland 

Condylura cnstata (Linnaeus) Star-nosed mole. 

Conditions suitable for the star-nosed mole are not common 
and the community in which I obtained my single specimen 
was the only such place I found. This was at Duck Lake, 
where I found two series of burrows running close to the surface 
of the mucky shores, from areas of heavy cattail or gross growth 
to the open water 

Blanna brevtcauda talpoides (Gapper). Short-tailed shrew. 

The only place that this shrew seemed to he abundant was 
in a forest two miles north of Leland. Here they were the 



Land Vertebrate Communities 


391 


dominant small mammal and the forest floor was an intricate 
network of their tunnels. During the first few days of trapping 
if a trap was placed at the entrance to a tunnel it was almost 
certain to contain a shrew in the morning 

One female was taken in a live trap and had eaten about 
half an ounce of fox-squirrel flesh placed therein She had 
voided a great many feces and her abdomen was quite drawn 
She had apparently starved to death. The trap had been out 
seventeen hours 

Myohs luafuguH lucijugus (LeConte) Little brown bat 

Three specimens of this bat were taken from houses in Le- 
land during the summer It is not uncommon about houses and 
barns. 

Nyctens borealis borealis (Milller). Red bat 

Two red bats were brought in during the summer One 
had been killed with a short club as it flew around a street 
light m Leland, and the other had been killed while flying about 
in a house 

About 1916 while on North Mamtou Island I saw a red 
bat hanging in a hollow stub, exposed to a moderate degree of 
sunlight, and not over eight feet from the ground. 

Ur sue ameneanus americanus Pallas Northern black bear 
On May 21, 1921, m the channel of Glen Lake, one-half 
mile west of the bridge, Volney Dorsey of Empire shot a bear 
The animal was a male and weighed one hundred and thirty- 
nine pounds. It was reported that a bear and two cubs were 
seen a short distance from here. The land near here is largely 
covered with a deep hardwood forest, although there are many 
open fields too. 

W. E Hastings says that many years ago bear were com¬ 
mon u Leelanau County and that in the summer of 1900 he saw 
'some in Solon and Bingham townships. A resident of Shalda 
says that twenty yean ago, along Traverse Creek, he killed one 
that weighed four hundred pounds 
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Cams tycoon Schreber. Timber wolf 

Littell* in referring to the tune about 1850, writes, “There 
were fur-bearing animals, wolf, fox ” 

Cams latrans Say Coyote 

I have no records of coyotes occurring in Leelanau or ad¬ 
joining counties Oscar H Petersen of Northport writes “I 
am quite certain that no coyotes have ever inhabited the 
country ” A possible record is a note from Judge Martin Brown 
saying that wolves occur on the Fox Islands 

Vulpes fulva (Desmarest) Red fox 

Foxes are fairly abundant in the less settled parts of the 
country I have found tracks and burrows in several localities, 
and they have been reported m many more Around Pyramid 
Point they are often hunted with dogs in the winter months 
In the Leelanau Enterprise of January 26, 1922, in the report 
of the County Committee on Bills and Accounts, there is a 
record of the payment of bounty on eight foxes In the same 
paper for March 23, 1922, there is the following item “Walter 
Hinshaw has returned from North Manitou Island with eleven 
fox hides u Robert Prause of Leland took several on this 
island in the winter of 1920-1921 Mr. L V Ruckel of Shelby, 
Michigan, writes that “A Mr Hall who once kept light on 
the South Fox Island claims that fox have once or twice crossed 
from the mainland to the islands on the ice ” 

Utocyon cinereoargenteus cznereoargenteus (Schreber). Gray fox. 

The only record I have for the gray fox in the county is 
contained in a letter from W E. Hastings m which he notes" 
that they were numerous in 1908 and formerly common. He 
took several in 1904 and 1905 

Procyon lotor lotor (Linnaeus) Raccoon. 

Many tracks were seen about the border of Bass Lake, 
where a hardwood forest containing many large hollow trees 

* Litfcti, op at. 
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comes very close to the water’s edge I had a raccoon in a 
trap here, but it was stolen before 1 arrived 

W E Hastings reports it as being common in 1908 Lloyd 
Huelett of Shalda says that m the winter he traps many rac¬ 
coons and that a man living near there caught four alive m 
July, 1921, and killed a large female The late Judge Meyers, 
of Indianapolis, told me that he had found tracks along a 
stream near Omena 

Maries amencana amencana (Turton) Eastern marten 

W E Hastings reports that marten formerly occurred in 
Leelanau County and that he took several there in 1904 and 
1905, that it was abundant in Kasson and Bingham townships 
before 1875, and that he has heard tiappcrs tell of 'making 
large catches each fall He shot one while partridge-hunting 
about 1904 

Gulo luscus (Linnaeus) Wolverine 

W E Hastings wntes “When a boy, I saw one killed in a 
swamp in Leelanau County, 1898 or 1899, Bingham Township 
Alfred LaFonze, Torn Molton, and William Emerson, old hunters 
and trappers, were in the party ” 

Mustela noveboracerms noveboracensts (Emmons) New York 
weasel. 

Weasels seem to be abundant in the county and were easily 
trapped All specimens taken were near some body of water, 
although they have been seen m other localities 

One adult male was discovered by Mrs.* Julius Prause, in 
her hen-house. She picked it up by the tail and clubbed it to 
death. Two males, one a juvenile and one an adult, were 
trapped on successive days at the entrance to a small burrow 
at the foot of the clay bluffs along Lake Michigan The hole 
was at the foot of a dead birch and around it was a scattered 
growth of annuals. Immediately in front of the entrance was a 
small bush, but on the whole the entrance was scarcely con- 
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cealed at all. The animals when found were outside the hole 
When approached they made no noise, showed no signs of fear 
and none of fight 

Another adult male was taken in a trap, baited with a red- 
squirrel carcass, near a small burrow a few feet from Duck Lake 
The hole was under a stump on a hillside which was covered 
with a heavy growth of young trees This weasel did not show 
any fight either, but smelled strongly of musk when approached 

Mustela vvson mink (Peale and Beauvois) Northeastern mink. 

Tracks of mink were frequently seen along the shores of the 
smaller lakes and of the trout stream which enters the northern 
end of Lake Leelanau At noon on July 17, 1916, 1 was fishing 
near the mouth of this stream and noticed a fully grown mink 
approaching along the lake shore It kept m the hne of drift¬ 
wood, and as it came to the stream started crossing on a log 
When m the middle it stopped, looked at me for a moment, 
and went on, disappearing in the forest at the edge of the lake 

Mephitis mephitis nigra Peale and Beauvois Eastern skunk 

Skunks are common throughout the area trapped, although 
not so abundant as most people think, for after one case of a 
skunk becoming offensive a dozen arc usually reported to be 
hiding under various houses within two miles of the original 
source of the odor They seem to prefer Jhe borders of fields 
near swamps or forests and are often found in the immediate 
vicinity of the villages 

On one open clay slope five dens were found within three 
hundred feet of one another, while five hundred yards away at 
the edge of a leather-leaf bog and hidden among the ferns, 
briars, and wild-cheny were five holes, all within one hundred 
feet of one another. I caught four skunks in these five holes, 
some of them apparently young of the year. One of the en¬ 
trances was large, but the others were usually five inches hi gh 
and four and one-half inches broad With one exception there 
was no loose dirt, odor, or refuse about the dens The exception 
had a considerable amount of excavated soil in front of the den. 
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Immediately after I left one of these holes one tune, a boy 
who was with me looked around and called my attention to a 
“white cat" that waB walking out of the den. The specimen 
was a very white skunk which moved unconcernedly away from 
us and entered another den We followed and were surprised 
to see him come out again and head for still another hole He 
was duven back with rocks however and was trapped the next 
day at another hole some two hundred feet away 

On several occasions the distance that the animals ejected 
their scent was measured and found to be from six to ten feet 
A few years ago some skunks were turned free on North 
Fox Island for fur-raising, but as far as is known, skunks do 
not occur naturally on any of the islands. 

Taxidea torus torus (Schrebcr) American badger 

Mr Dago of Maple City is reported to have taken a badger 
near Bass Lake several years ago If the badger does occur m 
the county it is very rare 

Lutra canadensis canadensis (Schreber) Canada otter 

Oscar Petersen, a forty-seven-year resident, writes that when 
he was a boy, otter signs were found on the shore of Lake 
Michigan, where he was raised W E Hastings reports that in 
1908 they were rare m the county and extremely rare m 1920 
Lloyd Huelett tells me that a few years ago he and some others 
saw an otter in Traverse Creek. 

Lynx canadensis canadensis Kerr. Canada lynx. 

No good records of the wild cat are available, as the resi¬ 
dents do not distinguish clearly between this and Lynx ruffus 
All records of the wildcat have been here tentatively referred 
to the latter. 

Lynx ruffus ruffus (Ouldenstaedt). Bay lynx. 

A few lynx are left in the county but not many. The author 
saw one south of Fouoh about 1917. Sonny Kibble, a resident, 
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says that a few are taken occasionally Lloyd Huelett of Shalda 
says that one was killed near Pyramid Point a few years ago 
Mr Carlson reports that they are occasionally heard in the 
winter on the northeastern shore of Lake Leelanau Volney 
Dorsey of Empire writes that one was seen at the head of Glen 
Lake in 1920 W E Hastings writes that they used to be 
common in the county, but are now rare 

Peromyscus leucopus noveboracctmx (Fischer) Northern white¬ 
footed deer mouse 

Peromyscus is the most abundant mammal m most of the 
terrestrial communities in which there is shelter Several speci¬ 
mens were taken in live traps When turned free each ran a 
short distance, and then apparently forgot my presence, and 
started searching for food under the leaves 

A female taken on September 7 was m milk She was un¬ 
usually large, having a total length of 190 mm , tail, 91 mm , 
hind foot, 21 mm , and ear from crown, 17 mm , and weight, 
26 3 grams 

Synaptomys coopen Baird Cooper lemming vole 

One specimen was taken along the bank of Traverse Creek 
and another by Edward Butler at the edge of a cedar swamp 
at Nedow’s Bay on Lake Leelanau. 

Evotomys gapperi gappen (Vigors). Red-backed mouse 

The red-backed mouse is abundant near the stream in the 
cedar-swamp at the northern end of Lake Leelanau. Most 
specimens were taken under lop that were elevated above the 
ground. There are no runways here as the ground covering 
is scanty This species has never been found as far south in 
Michigan before 

Microtis pennsylvamcus pennsylvanicus (Ord) Meadow vole. 

Microtis was not found abundant in any of the communities, 
although it is probable that it occurs in large numbers in some 
localities 
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Rattus norvegicus (Erxlcben) Norway rat 

The rat is abundant m the villages and on some farms, 
throughout the country On one of the farms it was often 
possible to see eight or ten rats at one time, near the barn, the 
orchard, or the corn held It is not cautious in the presence of 
men, but is very wary of traps The rats have of course come 
in after the country was settled It is reported to occur on 
North Fox Island 

Mvi musculuH mnsculvft Linnaeus House mouse 

No specimens of this mouse were obtained, although it is 
certainly present ('onsiderable trapping was done in the house's 
and stores of Leland, but the only mice taken were white-footed 

Ondatra zibethica zibethica (Linnaeus) Northern muskrat 

The muskrat is not uncommon where shores with Typha and 
other food and nesting material occur It is practically absent 
in the northern end of Lake ljcelanau, because of the barren 
and gravelly shores that prevail thore In the narrows near 
Provemont, where aquatic vegetation is abundant, it is quite 
numerous About August II, houses were well under way in 
the autumn construction A very few Uve at Duck Lake (See 
Plate XXVI, Fig 1), probably in burrows, for no houses have 
been found there I am told that it does not occur on the Fox 
Islands 

On August fourth, at Duck Lake, I found a front foot of a 
muskrat m one of my traps The animal bad cut this foot off 
just above the jaws of the trap In another trap was a large 
male held by but one toe, on the right hind foot. He showed 
considerable fight * 

August 4, 1921, at Duck Lake I found a canal which musk¬ 
rats had constructed from the open water through a floating 
mat of Chara, pond-weed, and duck-weed, which was some 
fifty feet wide, to the cattail rushes. They had dug through a 
firm muck soil here, about thirty feet into this habitat The 
canal averaged eight inches in depth and twelve inches in 
width From its terminus several paths radiated out among 
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the cattails, and at the head of tho canal there was an open 
space of about twenty-five square feet, cleared of rushes. A 
number of leaves of the cattail, about three feet long, were 
lying here with their buttB towards the water. Pieces farther 
down the canal were cut into ten-inch lengths. One muskrat 
was taken in the canal and another in the clearing at its end 
A photograph of the outer end of the canal is shown in Plate 
XXVI, Fig 2 

Erethizon dorsatum, dorsatum (Linnaeus). Canada porcupine 
W E Hastings reports that porcupines were common in the 
county in 1905, and Oscar II Petersen of Northport tells me 
that they still occur Mr Woodbndge, of Indianapolis, saw 
one at the north end of Lake Leelanau about six yearn ago 
Residents of the Pyiamid Point distnet say that they are occa¬ 
sionally seen Christian Andresen had his dog return home 
with its nose full of quills on two occasions in 1921 In that 
region I found one tree which had recently been girdled by a 
porcupine They are not known to occur on the islands 

The Indians of the county have probably been responsible 
for the disappearance of the porcupine, as they use the quills 
to a large extent in decorating birch-baik baskets 

Marmota monax rvfescens Howell Rufescent woodchuck 

The woodchuck is common in the county, although many 
localities seemed to be without it Several holes that I was 
shown m open fields, as woodchuck holes, when trapped, pro¬ 
duced only skunks The county pays a bounty for these ani¬ 
mals and their local scarcity may lie partly accounted for in 
this way The one specimen taken, a juvenile, was caught at 
the entrance to a burrow in a clover field There were five 
holes all within twenty feet of tho one in which he was caught. 

Tamos stnatus lysten (Richardson) Northeastern chipmunk. 

Martin Brown of Leland, and L V. Ruckel of Shelby, tell 
me that these animals ore found on the Fox Wand# - Strang 4 

4 Strang, James V. Fauna and Flora of Boom Island Ninth Am 
Rapt Srmthsoman Institution, p 2§2 1884 
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lists the chipmunk among the fauna of Beaver Island, which is 
just one island north of these islands In view of the fact that 
these animals are so lethargic during the season that the channel 
between the mainland and the islands is frozen, it is not probable 
that they gained access to the island over the ice 1 have no 
record of their occurrence on the Mamtou Islands 

Sciurus hudsonicus loquax Bangs Southeastern red-squirrel 

The red squirrel is the most abundant squirrel of the county, 
and was especially numerous during 1921 Edward Butler of 
Hubbard Woods, Illinois, writes that during 1922 it was greatly 
reduced in number at Leland This fluctuation seems to occur 
quite normally in the county, although 1 have no records of 
their penods of maximum and minimum abundance It was a 
serious pest during 1921, damaging a considerable amount of 
fruit, and gnawing into several houses In one house which 
had been entered it was possible to keep the squirrel out only 
by shooting Martin Brown says that it occurs on the Fox 
Islands 

iSfciurus carohnensts leucotis (Gapper) Northern gray squirrel 

In several places, notably m Day’s Forest, on the north 
shore of Glen Lake, the gray squirrel is abundant The black 
phase greatly outnumbers the gray phase, although mtergradcs 
occur and only rarely is a very black specimen seen 

Saurus ntger rufiventer (Geoffroy) Fox squirrel 

The fox squirrel is not numerous in the county It is found 
only in the more open woods where there are tall oaks, beeches, 
and sugar maple, and where there usually is a slight shrubby 
undergrowth. On one occasion I was attracted to the woods 
by an evident amount of excitement among the squirrels After 
a short time I was able to locate twenty red squirrels and two 
fox squirrels. One fox squirrel was being pursued by an excited 
red squirrel, and the chase ended only when the fox squirrel 
was shot 
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A specimen taken July 29 showed little fat, but the three 
other specimens taken later m the summer had heavy layers of 
fat over the abdomen, between the shoulders, and about the 
kidneys The average weight was 817 grams 

The fox squirrel is more shy than the red and gray squirrels, 
and keeps high up in the trees when it is aware of a man's 
presence 

Mr Kluuss of Leland says it occurs on North Mamtou 
Island 

Glaucomys mbrinus mnerohs (Menrns) Canada flymg squirrel 
The only specimen of a flymg squirrel which I obtained was 
the tail of one found on the giavelly beach on the edge of Lake 
Leelanau, at the edge of a heavy hardwood forest Dr W M 
Payne of Suttons Bay says that he has had one m captivity, and 
Oscar Petersen of Northport says that he has had a number of 
them caged 1 have a dozen other apparently reliable records 
of flying squnrels having been seen or taken m the county 

Cantor canadensis nnchiganensts Bailey Woods beaver 

The beaver is undoubtedly extinct m the county, and I 
could find no trace of its occurrence; but W E Hastings, 
formerly a resident of this region, writes that old dams are still 
found in the county 

Lepus amencanus amertcanus Erxlebcn Snowshoe hare 

W E Hastings writes that in 1920 the white rabbit was 
still common Residents of the Pyramid Point region told me 
that this hare is abundant there Many residents of Leland 
said that it is found m the cedar swamp at the head of Lake 
Leelanau and m wmter comes down as far as Leland Judge 
Martin Brown writes that it is found on the Fox Islands and 
Mr Carlson has told me that it is found on North Manitou 

Sylvilagus flondanus mearnsu (Allen) Meams cottontail 
The cottontail is fairly abundant in the county, although 
it has probably migrated into the region since the land was 
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cleared Mr Klauss of Leland says that it occurs on North 
Manitou Island and Martin Brown writes that it occurs on 
both the Fox Islands 

Cervus canadensis canadensis (Erxleben) Wapiti or Elk 

In 1920 a complete skull bearing a large pair of antlers, to¬ 
gether with most of the skeleton of an elk, was found m excel¬ 
lent preservation in a quaking bog at the edge of Prause Lake 
near Shalda, by John Shalda I examined the place where the 
bones were taken and it seemed apparent that the animal had 
become nured in the soft bog and died there An old inhabi¬ 
tant of the region says that about sixty years ago a very large 
deer was seen in that region but was never shot The antlers 
have seven prongs, extend forty-three niches above the crown 
of the skull, and have a maximum spread of forty-three mches 

Odocodeus amencanus borealis Miller Northern Virginia deer 

Littell 6 quotes Alexander Mason, Jr, as stating that about 
1865, deer were plentiful In a letter, Oscar Petersen, of North- 
port, a resident of forty-seven years, says “In my younger 
days deer were occasionally found in this section ” W E 
Hastings wntes that there are still a few m Grand Traverse 
county and probably in Leelanau (1921). 

A Ices amencanus Jardine. Eastern moose. 

No moose are resident in the county at the present time 
Littell• in referring to the game present at the time of settlement 
sayB “Game of many kinds was plentiful except the larger 
game, deer, elk and moose, which were found farther south 
because they had to come south in their winter migration 
east of Traverse Bay.” Little or no weight, however, ib to 
be attached to Mr Littell’s theory as to the absence of the 
moose. 

Mr. Huelett of Shalda says that about twenty-three years 
ago he killed a “large deer” which had flat antlers with a 

' Littell, op eU • Littell, op mi 
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spread of about four feet, and whose heir was very dark, end 
over the bade was quite long. This is almost certainly a 
record. There is little doubt as to their former occurrence here, 
for there are several records for moose in the Lower Peninsula 
of the state, although they are now totally extinct there. 
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A COLLECTING TRIP TO BRAZIL 

JESSE H WILLIAMSON 
INTRODUCTION 

During the late summer and autumn of 1021 plans were 
made by Dr Ruthven, director of the t Museum of ZoOlogy, 
University of Michigan, and Mr E B Williamson, honorary 
curator of Odonata, of the Museum of Zofilogy, to send an expe¬ 
dition to the upper Amazon River to collect specimens for the 
Museum. Shortly thereafter political disturbances near Iquitos, 
Peru, made it impossible to secure transportation by established 
lines beyond Manios, Brazil It was, therefore, left to the dis¬ 
cretion of the members of the party, Captain John W Strohm 
and myself, both of Bluffton, Indiana, to work northwest of 
Manios along the Rio Negro or southwest on the Rio Madeira 
Dr. Hamilton Rice of Boston furnished valuable information 
about conditions generally along the Rio Negro, but after con¬ 
versations with Mr. Henry S. Fleming, consulting engineer, 
in New York City, and Mr. F Packer, general manager of the 
Amazon River Steam Navigation Company at ParA, Brazil, we 
decided it would be more feasible to work along the Rio Ma¬ 
deira. Our main efforts in the field were to secure and preserve 
dragon-flies, and incidentally to collect such other insects, rep¬ 
tiles and amphibians as could conveniently be taken care of. 
The trip is to be known officially as The Unwemty of Mtchi- 
gan-Williamwn Expedition to Branl The account of the field 
work which follows is to serve as a basis for, the detailed papers 
which wiH appear from time to time. 

NARRATIVE 

Captain Btrohm and I sailed from New York on December 
Iff, 1921, on the Booth line SS. "Polycarp” direct to Pari, 
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Brazil, where we landed December 30 The true name of 
the city is BeUSm, but following a custom in Brazil, it is 
generally called by the name of the state of which it is the 
capital The American consul, Mr George Pickerell, kindly 
accompanied us to the custom-house, where, through courtesy 
of the Brazilian government, our baggage and equipment were 
admitted free of duty The next five days, while we were 
waiting for an up-stream steamer, were well spent in gaming 
i n formation and making arrangements relative to the trip into 
the interior 

On January 5, 1922, we boarded the SS “Paes de Carvalho” 
of the Amazon River Steam Navigation Company, and travelled 
quite comfortably among heavily wooded islands and through 
paranas, or side channels, till we emerged on the Amazon River 
two days later Several stops were made daily to take on or 
discharge cargo and passengers or to load wood for fuel At 
such tunes we were frequently able to go ashore and catch a few 
dragon-flies 

On January 8 we anchored off Santarem for a few hours and 
that evening as we continued up-stream, we saw at least a dozen 
Gynacanthas or Tholymis hawking out over the nver This 
was not an uncommon sight on the Amazon for twenty or 
thirty minutes just after sunset 

Early on the morning of January 9, the steamer stopped 
about one-half mile below Obidos to load cattle. This gave us 
an opportunity to collect along a small muddy creek and several 
swampy areas in a pasture field nearby. Six species of hbel- 
luknes and two of coenagnomnes were added to our list. When 
we again reached Obidos six and a half months later, the nver 
was at flood stage and the pasture field covered with several 
feet of muddy nver water 

We passed the state line from Pari into Amazonas during 
the night of January 9 and shortly thereafter reached Parintins. 
Here the steamer left the Amazon River to go by paranas to 
the town of Mau£a, the center of the guarana industry. We 
returned to Panntins by the same route and continued up the 
main nver Diastatops was taken m grass growing six feet 
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high along the nver bank, at a fazenda named Progresso, where 
the steamer stopped to load grass for the cattle on board 

We tied up at the bank at Itaeoatiara on January 12 and 
five hours later passed the mouth of the Rio Madeira The 
following afternoon, we passed from the yellow, muddy Amazon 
into the almost black waters of the Rio Negro and soon docked 
at Maudos, eight miles above the confluence The floating 
docks at Mandos were twenty feet below the 1909 high water 
mark of the Rio Negro On our return in June the nver had 
exceeded that recoid by several inches and the doeks were well 
above the lower streets of the city The difference between high 
and low water marks is said to exceed fifty feet Clouds and 
drizzling rain prevented collecting during our two days in port 

We sailed at 10 p m on January 14 and the next morning 
found us on the Rio Madeira, the largest tnbutary to the 
Amazon — at this season a turbulent, muddy stream seemingly 
as large as the Amazon itself On January 16 we passed Borba, 
Tabocal and the mouth of the Rio Duvida or Roosovelt River, 
whose clear waters contrasted sharply with the yellow flood of 
the Madeira Again just after sunset dragon-flies hawked about 
in mid-channel 

On January 17 we collected at the town of Port Arthur and 
MamcorA At 6 p m the steamer tied up near several woodpiles 
at Boca do CapanA Tholymis flew by hundreds over the water, 
around the woodpiles and farther inland over the high grass 
As the result of many wild strokes with the nets, nineteen were 
captured. Soon moths, mosquitoes and other insects were at¬ 
tracted by the electric lights of the steamer and countless frogs 
began croaking in nearby swamps It was quite a relief to get 
under way again at 9 ru 

The following day a few common libeQuhnes were caught 
during short stops at Novo Olmda, Uruapiara and Bom Futuro 
Tramea, Erythemis, Erythrodiplax and Orthemis were among 
the day’s catch. On January 19 several stops were made, but 
they were too brief to permit our going ashore to collect When 
the steamer docked at HumaytA about 6 pm we hoped to catch 
another senes of Tholymis, but only one was seen Floating 
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trees and debris that evening indicated another flood with the 
nver out of its banks higher up 

At 1 a m on January 20 I awoke to find the Bteamer tied up 
at a woodpile called Mirary I spent the next two hours there 
gathering up beetles and cicadas that had been attracted by the 
electric lights During the day we worked for short periods at 
Firmeza and Assumpcgo Due to an approaching storm dusk 
came earher than usual and from 5 50 to 6 10 p h , while tied 
up at the woodpile of Sfio Jos6 de Praia, we succeeded m netting 
both sexes of Gynacantha Ten minutes later the ram started 
At this woodpile, surrounded by virgin Amazonian forest, we 
remained till dawn, pestered all mght long by swarms of mos¬ 
quitoes It was the first time that 1 had occasion to use a 
mosquito net over my cot on the open deck and the only night 
made sleepless by insect pests that we experienced during the 
ten-months’ trip Collecting en route yielded 20 species and only 
156 specimens of Odonata 

Shortly after dusk on January 21 we docked at Porto Velho, 
state of Amazonas, the third largest Brazilian city in the 
Amazon basin, eighteen hundred miles from Parti It is the 
northern terminus of the Madeira-Mamor6 Railway which 
extends southeastward two hundred and twenty-five miles, 
all but the first four kilometors of which were in the ad¬ 
joining state of Matto Grosso The line follows more or leas 
closely the right banks of the Madeira and Mamor6 rivers 
The Madeira-Mamor4 Railway Company, hereafter referred to 
as the Company, maintains well-screened buildings equipped 
with telephones, electric lights and shower baths, for its officers 
and many of the employees The Hotel Brazil, owned by the 
Company but leased to private interests, is similarly equipped 
for the convenience of guests Here, as everywhere on the tnp, 
ice was obtainable for personal and photographic purposes. 
Porto Velho is sixty meters above sea level, in Latitude 8° 46 1 
South, Longitude 63° 55 1 West It was our base of operations 
for the ensuing four months. 

From January 21 to March 5 and from April 18 till May 30, 
we collected in and near Porto Velho when weather conditions 
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permitted The original heavy forest had been cut away for at 
least a mile back from the river, but withm this area there 
were sufficient second-growth trees and bushes to furnish shelter 
for some species of dragon-flies along several streams and 
around a deep lagoon filled with back-water from the nver 
Erythrodiplax, Tramea and Orthemis flew on sunny days m 
most parts of the town itself, and occasionally we caught Gyn- 
acanthas at dusk in the railroad yards A small waterfall m the 
eastern part of toWn and the same creek m the vicinity of 
Barbados Hill furnished convenient places to collect during short 
periods of sunshine on moic or less rainy days 

By following cart roads and mule paths for about two miles 
north of town, we found several small creeks in the forest 
They wero similar in character, two to three feet wide, ankle- 
to hip-deep with soft muddy bottoms, flowing m well-wooded 
ravines among dense undergrowth Here we found Acant.ha- 
gnon, Argia, Chalcopteryx, Hetaenna, Heteragnon, and other 
woodland stream genera Where an occasional clearing ex¬ 
tended down to the creeks, several genera of hbelluhnes includ¬ 
ing Erythemis, Nephepeltia, Erythrodiplax, and Oligoclada 
were taken In the neighboring woods we took large numbers 
of Uraeis and smaller Benes of Mctaleptobasis and aeshmnes 
Logging roads on the wooded hills afforded favorable collecting 
places for Oynacantha membranahs Farther east in the woods 
was a much larger stream, too deep to wade, flowing swiftly 
between high, steep earthen banks Several visits to this larger 
stream yielded very few specimens and nothing different from 
the smaller creek species. 

On a scouting tnp south of town along the railroad we came 
to several flooded creek basins Where the banks had been 
cleared we found little of interest, where forested, these flooded 
basins oould not be worked either from the banks or by wading 
It was necessary to stnke all creeks far back from the mam 
riven during the flood penod which prevailed during our tnp 
into the mtenor The banks of the large nvon supplied nothing 
of interest during the months we were there A small creek 
back of Candelaria, the Company’s hospital, flowed mainly 
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through cultivated or pastured fields and proved disappointing 
Where it entered the woods, tangled vines, fallen trees, dead 
branches and mucky bottom made progress practically impos¬ 
sible and a little farther down there was back-water from the 
Madeira 

Another scouting trip took us northeast of town for about 
two miles, following muddy trails over cleared ground and then 
through partially cleared forest En route, we collected at 
puddles and temporary running wafer the more common swamp 
species We finally came to a dear-water creek, knee-deep, 
from five to twelve feet wide, flowing in an earth-banked chan¬ 
nel ten to twelve feet deep through a large, cultivated clearing 
We caught nothing on this part of the creek Working up¬ 
stream to its source m the woods yielded few specimens In 
the forest Uracis was plentiful At a circular depression in the 
woods, some thirty feet in diameter, Gynacantha gracilis was 
taken in series The females were comparatively easy to catch, 
but all of the males were shot with dust shot Near the edge of 
the forest was a thick, tangled growth of shrubs, vines and 
weeds through which surface water drained after heavy or con¬ 
tinued rains Here, hovering or flying in quick, short darts a 
few inches above the moist earth and leaf mold, m veiy dense 
shade, occurred a much smaller species of aeshmne 

We spent January 29 as guests of Messrs Leonard and 
Arthur Craney and W R Goodwin on one of the Company’s 
launches Aftei going several miles down the Rio Madeira, 
which was reported to be forty feet above low water stage, we 
entered several creek basins and navigated among tree-tops 
with flooded woodland on all sideB Only a few dragon-flies were 
caught, but we secured quite a collection of ants and spiders 
that fell into the launch along with twigs and bark as we 
bumped and crashed through the branches 

We made arrangements with Mr W J Knox-Little, general 
manager of the Company, for a trip by gasoline motor-car from 
Rorto Velho to Guajara Mirim to locate favorable collecting 
pomtB along the railroad The round-trip was made on Feb¬ 
ruary 7 and 8; we passed the night as guests of the Company 
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in the house maintained for itB officials at the southern terminus 
We noticed creeks at kilometer posts 50, 53, 61, 64, and 71 
before we crossed the flooded Rio Jacy-Parand near the town 
of the samo name at kilometer post 88 As we sped along Gom- 
phoides were caught on the fine-meshed wire screen at the front 
of the car, between kilometer posts 87 and 91, which we passed 
about 9 a u We passed other creeks near kilometer posts 123, 
129, 142, 187, 204, 205, 206 and 216 All regular trains stay 
over night at Abund, kilometer 220, where the Company main¬ 
tains a very good hotel We lunched there and then continued 
our journey Other creeks were noted near kilometer posts 
225, 289, 291, 306, 308 and 309 before we reached Villa Mur- 
tinho at kilometer 313, where only restaurant facilities are 
available for travelers 

Near kilometer post 341 more Gomphoides were caught on 
the wire screening, from which four species of other genera, new 
to our list, were taken during the day’s run For practically 
the entire route covering three hundred and sixty-three kilo¬ 
meters, the right of way is bordered by heavy forest, cut off in 
some places to supply fuel for the engines A notable exception 
to this condition occurs between kilometers 170 and 216 wheie 
a tangent leads straightaway across a swamp In this district 
were stunted trees, almost leafless, and for several kilometers 
only swamp grass and a single species of palm tree The 
flooded Mutum-Parond, Araras, Riberfio, Lage and Bananeiras 
rivers were crossed near kilometer posts 168, 261, 290, 319 and 
350 respectively, each being navigable by launch and impracti¬ 
cable to work during the high waters. Just at dusk we arrived 
at Guajara Minin, one hundred and forty-five meters above 
sea-level, eighty-five meters higher than Porto Velho On the 
return trip two more species wore added at* the creek near kilo¬ 
meter post 123. 

On February 19 Messrs Leonard Craney, Goodwin, Ander¬ 
son and Meneses supplied horses and led the way to the best 
collecting locality near Porto Velho The city water-supply 
creek haa its origin m three springs, each at the head of a gully 
in the wooded hilla three miles east and a httle south of town 
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Withm one-half mile these gullies unite and form a mud-bot¬ 
tomed creek which flows for six hundred yards through a grass- 
covered ravine into an artificial pond near the site of a small 
tannery At different times considerable collecting was done 
at and above the pond, both swamp and creek Bpecies were 
plentiful A mile nearer town, well-wooded trails led to the 
same stream at a point where charcoal-burners had built a small 
camp on a hill-top, overlooking the hoavily forested valley of 
the stream which at this time was shoulder deep and fifteen 
feet wide 

When we letumed in April, it was only hip-deep and had 
vertical or overhanging earth banks two to four feet above the 
water level The bottom was largely sand A right bank 
tributary entered tho stream here, but it was bo full of logB 
and branches, and had such a treacherous bottom that wading 
it was not feasible Below and to the right of the junction was 
a low flooded area of possibly ten acres, bordered by woods, 
cleared land and the tributary creek It contained patches of 
of knee- to waist-high grass, clumps of green bushes rising eight 
to ten feet above the water, marsh grass ten feet tall with dead 
tassels, and some old logs and dead tree-tops 

On subsequent visits a few species of coenagnonmes and 
many hbelluhnes were taken here Messrs. Goodwin and 
Craney later assisted in collecting at this and other localities 
About one-fourth mile up the main stream a left bank tributary 
entered This was followed up a narrow marshy valley between 
heavily forested hillsides to its source, but yielded few specimens 
One-half mile farther up another left bank tributary furnished 
fine collecting This creek was four to eight feet wide, ankle- 
to knee-deep with firm sand bottom for probably one mile, 
then the bed of the stream rose rapidly among bouldera and rock 
faces till within another quarter mile all trace of running water 
was lost Heavily wooded swamps drained into the tributary 
and mam creeks and yielded Penthemis, Acanthagnon and 
the beautiful Fylgia amatomca with segments 1-5 of the 
abdomen black, 6-10 a brilliant metallic red Gomphines, 
aesbnmes, Chalcopteryx, Lais, Heteragriop, Hetaenna and 
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Argia occurred on the mam and tributary creeks during Apnl 
and May. Microstigma was caught m the woods close to the 
creek 

Upon leaving Porto Velho, March 5, the dragon-fly collection 
totalled 85 species and 2202 specimens. An all-day ride on the 
combined freight and passenger train brought us to Abund at 
dusk The official name of this town m the postal guide is 
Prcsidcnte Marquez, but it is seldom if ever used along the rail¬ 
way It was our collecting base for the next three weekB Here 
the Rio Madeira is only half as wide as at Porto Velho Its 
sloping mud banks yielded no specimens 

March 6 we collected along drainage ditches, with muddy 
water six feet wide and knee-deep, on either side of the railway 
north of town A small litielluline was taken m senes, but was 
quite rare on subsequent visits to the same place Lestes, 
Pentheinis, Orthemis, a large black Tratnea and several coon- 
agnonmes were taken on later visits to these ditches or along 
the border of the woods just bevond them 

Near kilometer post 210 the railroad crosses a stream fifteen 
to twenty feet wide and varying greatly in depth during the 
rainy season At times it was only hip-deep, a few dayB later 
it was out of its banks and runnmg knoe-deep through the ad¬ 
joining forest At tho bridge it was full of long, wavering, 
under-water vegetation whose leaves at the lower water stages 
protruded slightly above the surface and furnished resting-places 
for a small blue coenagnomne For several hundred feet back 
from the track the forest had been cleared away Here the 
banks of the creek were covered with clumps of bushes and 
scattered grass stalks eight to ten feet high A species of a 
peculiar new genus of coenagriomnee rested on the tipB of the 
grass with folded wings or flew above them m irregular jerking 
flight. A larger senes of this same species was taken from a 
clump of bushes around the oenter pier of the railroad bndge. 
An old foot-trail, m places almost obliterated by undergrowth, 
led southward along the left bank of the creek for several kilo¬ 
meters. Gthng slowly along the trail we picked up Metalep- 
tobasis, Uracis, and an occasional aeshnme. Along the creek 
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Hetaerma and Lais were found in limited numbers We also 
worked along the creek and woods trails north of the bridge 

On March 3 we walked the ties for five and one-half kilo¬ 
meters to a large back-water creek at kilometer post 225 This 
stream proved to hi 1 too deep to wade and could not be worked 
from the wooded banks, thickly overgrown with underbrush 
and vines Sixteen specimens taken along the right of way con¬ 
stituted the day's catch 

A swampy pasture south of the station between the railroad 
and the Rio Madeira yielded some common species, including 
Erythemis peruviana, which was seen in very few localities on 
the trip Sometimes we collected at a swamp m semi-cleared 
land about one-half mile north of the station near the river 
It covered several acres, in sun and shade, and contained 
clumps of bushes, sedges, fallen trees, areas of open water and 
patches covered with floating vegetation Small crocodiles 
and the reported presence of the venomous surucucti made 
collecting m this typical tropical swamp more than interesting 
Leptobftnis, Metaleptobasis, Lestes and aeshnines were found 
in a small, densely wooded tract on the northern side of the 
swamp 

Three quarters of a mile northeast of the Company's water- 
tank, and in the center of a large pasture field dotted with 
termite nests, a dam had been built below the confluence of 
two little creeks The resulting crescent-shaped pond, forty 
feet long by twelve feet wide, teemed with dragon-flies when 
the sun shone brightly As we followed trails on north through 
clearings and cultivated fields, several small creeks were crossed 
These united to form a larger creek which we worked in the 
woods two miles north of Abond Perhaps these streams were 
seasonal and dried up completely later on, at any rate odonate 
life along them was quite scarce 

Dunng our stay at Abund we crossed the nver to the 
Bolivian town of Manoa, where we were hospitably entertained 
by Sefior Gonzales, the administrator of customs, and the 
officers of the army-post Arrangements were made by the 
officers to take us on an extended tnp into Bolivia, along the 
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Abund and Negro rivers, but these and other plans were subse¬ 
quently abandoned on account of sickness 

On March 15 we had a very pleasant evening with Drs 
Mann, White and Pierson, the last members of the Mulford 
Expedition to leave Bolivia Wc had seen Dr Rushy, head of 
the expedition at Mandos, on his way to New York 

When leaving Abund, March 27, we had 107 species and 
3616 specimens We made the four-hour trip by train to Villa 
Murtmho and established sleeping and working quarters m a 
corner of the Company’s restaurant The flooded creek basin 
just north of town afforded good bathing, but very poor col¬ 
lecting A trail leading east from kilometei post 312 passed 
over cleaied land, second-ginwth pasture fields, along niandioca 
and corn fields, then over a low brush-covered hill of decomposed 
red rock Three* kilometers inland it entered a palm forest where 
Hetaermas along the ti ail indicated the presence of a stream 
nearby A little farthoi on it crossed a sandy-bottomed creek 
two to four feet wide and ankle-deep Hetaerma, Heteragrion, 
Argia and Lais occurred in limited numbers 

The trail led on through palm forest, over several small hills 
and past an extensive new clearing into inoic forest Again 
Hetaermas were noticed along the trail which led into a small 
clearing on the right bank of a large creek This, we were told, 
was the same stieam that entered the Rio Madeira just north 
of town Here it was twenty feet wide, five feet deep in mid¬ 
channel, with firm sand bottom and a swift current A second 
species of the peculiar new genus first taken at Abund was 
found resting on leaves on the tips of bushes along the bank 
The creek which the railroad crossed at kilometer post 309 
soon played out in a bushy swamp that yielded nothing of in¬ 
terest to us A trail led eastward near f kilometer post 310 
through a patch of timber, across an extensive clearing planted 
to mandioca, then mto a low lying palm forost There it crossed 
a tiny creek two feet wide with running water a few inches deep 
on which a few specimens of a gomphine, Hetaragnon, Penlestes 
and Psaironeura were taken Its source was a small grass-grown 
swamp bordered by palm forest on one side and cane on the 
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other By following it down-stream we came to a larger creek 
with low mud banks in heavier forest where a troop of monkeyB 
played in the tree-tops No sunshine penetrated the dense 
foliage overhead and very little undergrowth of any kind existed 
amid these sombre surroundings The very air seemed oppres¬ 
sive Penthemis was the only representative of dragon-fly life 
found here As we returned homeward, pools and ditches beside 
the railroad embankment yielded the same swamp species that 
we had found at AbunA 

Our best creek near Villa Murtinho passed under the railroad 
at kilometer 315 Down-stream its channel had been ditched 
and little of interest was found Up-stream it presented varied 
conditions For the first half mile it meandered through a low 
palm forest, at times in several channels each about six inches 
deep and two to four feet wide where a machete was fiequently 
used to open up a passage, at one place it spread out among 
palms and shrubs to form a muck-bottomed pond twenty-five to 
thirty feet wide and varying m depth from a few mches to 
two feet A short distance above the pond was slightly higher 
ground, with heavier timber This point could be reached 
very easily by following a woodcutter’s trail leading east from 
the track For at least two miles farther up the stream flowed 
in a well-defined sand-bottom channel, eight to ten feet wide, 
through virgin forest Along this stream three species of Pen- 
lestes were taken Swampy areas in the woods with their small 
drainage channels leading to the creek enabled us to add several 
other interesting species to the collection 

On March 29 and 30 we were the guests of Messrs Bell tend 
Craney, Company officials, on a business tnp to Guajara Mirim 
Advantage was taken of this opportunity to scout territory in 
that vicinity Only flooded creek basins were found there and 
near Porto 8ucr4 on the Bolivian side of the Bio Mamord We 
therefore abandoned the plan of establishing temporary collect¬ 
ing quarters m the Company's house, kindly offered by Mr. 
Knox-Little for our convenience. 

On the last evening at Villa Murtinho, Apnl 7, the collection 
contained 127 species and 4585 specimens. The next day we 
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moved to Villa Bella, Bolivia, where we were entertained by the 
Company’s local manager, Sefior Carlos Cordova, and Mr 
Georges Fasnacht of Suarez Brothers Upon presentation of 
credentials, the customs officials admitted all baggage duty-free 
without inspection On April 9, after a four hours launch nde 
up the Rio Beni, we landed below the rapids at Cashuela Es- 
peranza and secured comfortable quarters at the hotel, which, 
together with the rest of the town and surrounding country, 
was owned by Suarez Brothers The town site was on an 
outcropping of granite rock on the nght bank of the nver 
Cleared pasture land nearby afforded a variety of open creek 
and swamp conditions By following a brood trail which ran 
southeast through the woods to the Rio Yata, we came to 
several woodland creeks varying in width from two to eight 
feet Practically identical species were found on each of them 
and for the first time Chalcopteryx was plentiful In woodB 
near the sourco of two of the creeks, Captain Strohm found 
Microstigmas pairing on April 13 Six strokes of his net bagged 
nme specimens. The next day we worked the same woods, but 
on account of contmual clouds and several showers only two 
specimens were captured 

An attack of benign malarial fever kept me bedfast for the 
next two days As no medical attention was available and my 
fever continued to rise, we left Cashuela Esperanza April 16, 
and spent three days travelling as rapidly as transportation 
facilities permitted to the Company’s hospital at Candelaria 
Captain Strohm secured our former rooms m the Hotel Brazil 
at Porto Velho and resumed collecting m that vicinity on 
April 24 After an interval of ten days, I joined in the work 
Most of our time was spent in localities heretofore mentioned 
Two short trips were made along the Rojidon telegraph trail 
which runs for over a thousand miles through the interior of the 
State of Matto Grosso Some collecting was also done along 
creeks near San Antonio, the western terminus of the telegraph 
line, located at the falls of the same name on the Rio Madeira 
When we finally left Porto Velho on May 20, we had 137 species 
and 6588 specimens. 
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We were very much pleased to find Commandante Jofio B 
Moreire, who had looked after our welfare so well on the up¬ 
river trip, in command of the Amazon River Company’s SS 
“Sapucaia” On it we made the five days journey back to 
ManAos Below Borba the Rio Madeira was out of its banks 
surrounding isolated huts near the river and extending far back 
into the forest Above the mouth of the Madeira, the right 
bank of the Amazon was likewise under water Native huts 
stood half-submerged amidst flooded cacao and banana fields 
Here and there small groups of cattle were helplessly marooned 
on rafts to which then owners brought flesh grass in dug-out 
canoes 

From June 4 to 30 and again from July 13 to 21 we collected 
near ManAos, the capital of the State of Amazonas While 
there we were fortunate m being the house-guests of Mr S W C 
Russell, manager of the General Rubber Company of Brazil 
Owing to the unprecedented high level of the Rio Negro, creek 
beds were flooded for over a mile back into the country We 
collected along the brushy bank of the stream which flows past 
the ManAos brewery, finding there many teneral libellulines and 
two species of coenagnonmes 

The back-water extended inland to the old dam, built across 
the creek bod a half mile below the Bosque and about two miles 
from the river The artificially flooded area above the dam 
afforded but little better collecting grounds Back of the 
Bosque, the creek was ten to fifteen feet wide and, in places, 
four to five feet deep Partially cleared swampy woods along its 
banks contained dense undergrowth Very few interesting 
species were found here Wo did considerable collecting on 
the same creek higher up near Flores, the terminus of a street¬ 
car line seven miles from the c&ty Here the main stream was 
eight to ten feet wide, two to three feet deep, flowing through 
swamp grasses with occasional clumps of bushes along the 
banks A left bank tributary, entering just above Flores, sup¬ 
plied a variety of swampy woodland habitats 

An automobile road led to Flores from the end of the Villa 
Municipal street-car line, a distance of about four and a half 
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milos Several creeks similar m character, some too deep to 
wade, crossed this road The country was rolling, with low hills 
that were or had been forested The vallcyB were more or less 
swampy, open in places, but generally thickly overgrown with 
underbrush and Ntnall trees Between the road and the Flores 
car line were several sand-bottomod ponds, varying from six 
to fifty feet in diameter Anax occasionally visited the largest 
pond, circled it a few tunes and then flew off over the tree-tops 
Libcllulines were numerous and several species new to our col¬ 
lection were secured here 

On June 18, accompanied by Mr Russell, we walked lor 
seven miles north of Flores along the road to Campos Salles 
Five miles out we found a beautiful little creek in virgin forest 
By the end of Juno, collecting near Man&os had brought the 
species list to 158, the specimen list to 8012 

On July 1, I suffered another attack of fever, not sufficiently 
serious however to alter our plan for a round-trip on tho Amazon 
River Company’s monthly steamer to Santa Isabel, four hundred 
and twenty-three miles up the Rio Negro We found travelling 
here much the same as on the Amazon. Day after day we sailed 
between walls of green vegetation, sometimes close at hand as 
we passed among uncounted wooded islands, at other tunes 
fading away along the distant banks of the mam nver to mere 
lines on the horizon Bird and insect hfe was noticeably scarce 
Tho dozen widely separated settlements en route consisted of one 
to twenty houses each, generally closely surrounded by back¬ 
water from the still flooded nver. It was only within fifty 
miles of Santa Isabol that low hills were seen and the nver was 
confined within its banks 

On July 7 we went ashore at Santa Isabel mid followed trails 
made by Brazil-nut gatherers for a mile back into the woods 
A few muddy little pools m temporary drainage channels 
yielded no specimens Uracis and Microstigma were taken in 
the woods. We returned to the nver and spent most of the 
day at a back-water swamp, fifteen by fifty feet m dimensions, 
near the boat landing. Throe species new to our collections 
were taken here. The following morning we started back to 
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Mandos Though the steamer frequently stopped to load fire¬ 
wood and Brazil-nuts, there were few opportunities for us to go 
ashore. 

From Carvoeiro to the mouth of the Rio Braneo many 
teneral Diastatops and a few other hbellulines came to rest on 
the ropes, rails and netting of the boat Fellow passengers and 
some of the crew eagerly assisted in catching them by hand 
At dusk on July 10 while we were anchored off Moura, large 
numbers of Tholymis hawked about over the nver Only two 
were netted July 13 found us back in Mandos with only 93 
specimens and 4 additional species from the eleven days’ tnp 

On July 21 we caught over one hundred specimens of 
Aeolagrwn fiammeum in Mr Russell’s home They flew slowly 
about the rooms, generally coming to rest on the walls behind 
articles of furniture Sometimes they rested on picture cords, 
electric light fixtures or on the bed clothing On several occa¬ 
sions I noticed thorn attempting, usually unsuccessfully, to 
alight on the polished brass knobs of the bedsteads We had 
previously taken smaller numbers of the same species m the 
house, yet we weie never able to find a single specimen in the 
surrounding gardens Mr Russell states that at certain seasons 
he is bothered nightly by large dragon-flies flying in numbers 
around the electric hght bulbs in his library This did not occur 
during our visit, although one overnng I caught a Tramea after 
it had repeatedly flown against one of the lights A few other 
hbellulines were taken, from time to time m the bouse We 
sailed for Pari on July 22 with 162 species and 8316 specimens 
During the seven days’ tnp no collecting was done 

At Pard we met Reverend Miles Moss, an enthusiastic 
lepidoptenst, who took us on several field tnps. He secured 
permission for us to collect m the city water-supply reservation, 
which furnished a groat vanety of swamp, pool, creek and 
woodland habitats. Ho also led the way to a fine creek in the 
woods about three quarters of a mile beyond the end of the 
"Souza” street-oar line This creek was eight to ten feet wide 
and from a few inches to two feet deep Where we first entered, 
it had fine yellowish sand bottom with dirt banks three to six 
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feet high A half-mile down-stream the banks disappeared, the 
stream bed became swampy and the heavy forest gave place to 
smaller, more bushy vegetation A little farther down one comes 
to tide-water To my surprise practically the same species 
occurred here as on similar creeks, two thousand miles inland, 
on tributaries of the Rio Madeira 

August 14 was our last collecting day at Par& and completed 
the trip as originally planned We then had 167 species and 
9169 specimens of Odonata Captain Strohm returned home 
from Pard taking with him all zoological specimens and most of 
our held equipment The photographic apparatus and supplies 
used on the trip were supplied by Captain Strohm, whose skill 
and experience m tropical photography is well evidenced by over 
three hundred negatives depicting various phases of our work 
and travel. 

For me, the lure of Rio de Janeiro proved too strong to 
resist I left Pard August 18 on the Lloyd Brazileiro SS 
“Bahia,” stopped for a few hours at Maranhfio, Gears, Pernam¬ 
buco and Bahia en route and arrived m Rio de Janeiro on 
August 28 Sight-seeing and collecting were combined on 
numerous trips by auto, street-car or tram into the surrounding 
country Nearly all specimens collected were taken along 
streams in the vicinity of Alto Boa Vista on Mt Tijuca at an 
estimated altitude of twelve to fifteen hundred feet The 
Furnas road, at a point, two kilometers beyond Alto Boa Vista, 
crossed a creek which had been badly polluted by laundry work 
and sewage. It was about one foot deep, vanod in width from 
eight to twenty feet and had a rapid descent among boulders 
and outcroppings of solid rock Working up-stream for a half 
mile to the first cascade, I found both exposed and well-shaded 
stretches. Down-stream the land on either side had been cleared 
and was under cultivation. 

About ten minutes walk up the road leading to the right 
from the central plaza in Alto Boa Vista is a beautiful series of 
cascades on another stream In the boulder-strewn creek bed 
below the falls, a Frogomphus furnished rare sport during the 
brief periods of bright sunshine that occasionally penetrated the 
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clouds and foliage Above the cascade the creek was easily 
followed for ovor a mile Along one stretch where it paralleled 
the road the timber had been cut off This was a favorite 
patrolling ground for a Coryphaeschna 

On September 7 I accompanied Dr Boyd of the Rockefeller 
Commission on a field trip to Porto das (’aixes on the Leopoldina 
Railroad northeast of Nichteroy, Swampy creeks near the 
town yielded a few specimens of Coratura, Acanthagnon and 
Penthemis Because of cloudy wcathei very few dragon-flies 
were on the wing Fourteen species and 413 specimens were 
added to the collection at Rio de Janeiro On October 5 I 
sailed on the Munson Line SS “Western World’’ and landed 
in New York October 16 

In addition to the total of 9582 specimens representing 181 
species of dragon-flies, 31 vials of spiders, 171 vials of ants, 
50 cicadas, 150 reptiles and amphibians and a variety of mis¬ 
cellaneous insects were secured 


WEATHER CONDITIONS 

At Pard, from December 30, 1921 to January 5, 1922, we 
had only one clear day The rest were more or less cloudy 
with a heavy shower each afternoon En route up the limuKm 
and Madeira rivers, from January 5 to 21, we encountered 
seven rainy days (including two days in port at Mandoa), three 
cloudy, five partly cloudy and only two clear At Porto Velho, 
from January 22 to March 5, we noted twenty-eight rainy days, 
seven cloudy, six partly cloudy and only two days entirely 
clear At Abund, from March 6 to 26, we had five days of 
ram, eight cloudy, six partly so and two dear There were 
heavy showers on five days not classed as rainy At Villa 
Murtmho, from March 28 to April 8, there were only two ra'ny 
dayB, with showers on two other days and ram during four 
nights Four days were classed as cloudy, four partly so and 
two clear During our six-day stop at Cashuela 
from April 10 to 15, we encountered one day of ram, three 
cloudy dayB and two partly so. There was scarcely an hour 
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during any day that local showers could not be seen up or down 
the river 

Dunng our second stop at Porto Velho, from April 22 to 
May 29, we counted seven rainy days with showers on eight 
others, eight cloudy, thirteen partly cloudy and nine clear 
Going down the Rio Madeira to Mandos, the last of May and 
first five days in June, we had three clear days and three gen¬ 
erally cloudy, with showers At Mandos, from June 6 to July 1, 
it rained most of three days and parts of eight others, the latter 
are included among three cloudy and eighteen partly cloudy 
days Only one day was listed as elear On the Rio Negro 
trip, from July 2 to 13, we had four cloudy dayH, five partly 
cloudy and one elear day There were showers on three of the 
days listed as cloudy or partly so, at Mandos from July 13 to 
22, there were two days of rain, two cloudy, three partly cloudy 
and three clear Going down Ihe Amazon from Mandos to 
Pard the latter part of July, we encountered one rainy day, 
three cloudy, two partly cloudy and one elear At Pard, from 
July 30 to August 17, there wete four days of ram, five cloudy, 
seven partly cloudy and four clear During my visit m Rio de 
Janeiro from August 28 to Octolier 4, no hard rams occurred 
It sprinkled on only five days Generally, however, the atmos¬ 
phere was hazy over the city, with fleecy clouds around the 
mountain peaks nearby I classified twenty days as hazy or 
cloudy, thirteen ais partly so, and five as elear From the tour¬ 
ist's viewpoint it was delightful weather, but nevertheless quite 
exasperating to a collector of dragon-flies which are active only 
on bright sunny days. 


COST OF TRIP 

My necessary travel and living expenses during the ten and 
one-half months away from home amounted to $1450, The 
Booth Line fare from New York to Pard was $165, but has 
been considerably reduced Because of the depreciation of the 
milrets — normally a little over three to the dollar, but varying 
during our trip from 7160 to 8560 to the dollar —living ex¬ 
penses in Brasil were very cheap. Hotel rates throughout the 
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Amazon Valley varied from ten to fourteen milreis per day, 
including meals The Amazon River Steam Navigation Com¬ 
pany’s fare, berth and meals included, from Pard to Man doe 
was 102SOOO (102 milreis) or approximately $14 for a week’s 
journey Baggage rates and porterage, while expensive in 
Brazilian currency, were universally cheaper than in the United 
States. Railroad fare on the Madeira-Mamord Railway at 
current exchange rate was about six cents per mile Automo¬ 
bile rates varied from fifteen to twenty milreis per hour The 
zone system was in use on all street car lines, the first class 
fare for each zone varied m different cities from 100 to 200 
reis To ride from the center of any city to the end of a car 
line some five or six miles out usually covered three zones and 
cost the equivalent of eight or ten cents 

In Rio de Janeiro advantage was taken of the crowds attend¬ 
ing the opening ceremonies of the Centennial Exposition and 
the hotel rates were more than doubled Even then living was 
cheaper than in our larger cities By the time I left Rio de 
Janeiro hotels had lowered their prices practically to the 
normal rates 

It may be helpful to others who contemplate a similar trip 
to Brazil to state that, during the nine months spent on Brazil¬ 
ian soil, the necessary expenditures for one person amounted 
to 7000 milreis 

Sufficient funds were contributed by the University of 
Michigan, the Carnegie Museum, the Museum of Comparative 
Zoology, the Philadelphia Academy of Science, the Field Mu¬ 
seum, Mr E. B Williamson and Mr Wm T. Davis to pay our 
travelling expenses to Pard, Brazil, and return. All expendi¬ 
tures m Brazil were met by the members of the Av pwhtton 


NOTES ON EQUIPMENT 

We earned practically the same field equipment that was 
used on previous tnps to Columbia, Venezuela and Peru. 1 In 
addition we took folding army cots, light-weight blankets and 


«A CoOoctmg Tnp to Columbia, South, America, E B Williamson. Mioc 
Pvb , Afut of Zoology, Unto of Mich , No 3 
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Collecting Trip 

mosquito nets packed in the regulation army officer’s bedding 
roll, which enabled ub to stay comfortably at places where 
otherwise we could not have stopped. Since former experiences 
had demonstrated that large or odd-shaped trunks and chests 
frequently impeded travel in South America, we adopted the 
army locker trunk as a standard container It ib of proper di¬ 
mensions to be packed two or three to each mule, depending 
on the gross weight of trunk and contents 

Heretofore the killing bottles have become “weak" or 
“dead" after continued use or accidental exposure to Bun or 
water Cleaning “dead" bottles and making new ones by using 
potassium cyanide, sawdust and plaster of Pans is not feasible 
in the field Experiments to obviate this difficulty were tned 
with several chemical mixtures during the summer of 1021 Aa 
a result one dram vials, half filled with an equal mixture of pul¬ 
verized potassium cyanide and citric acid and plugged with 
cotton, were inserted in the corks of the killing bottles After 
being used for about two weeks, the vials were easily cleaned, 
refilled and ready for immediate use Beetles and other speci¬ 
mens too large to pads through the necks of the killing bottles, 
were killed in used film-pack tins by the gases from one or two 
of such vials 

A friendly interest in our work and the utmost courtesy 
were manifested by all with whom we came in contact Quite 
a number of interesting zoological specimens were donated from 
time to time to the Museum. Many friends and acquaintances 
in addition to those heretofore mentioned extended hospitality 
or gave us valuable advice and assistance which added greatly 
to the pleasure and effectiveness of our tnp 

Umvaasirr or Michigan * 




RECORDS OF THE DISTRIBUTION OF 
MICHIGAN MAMMALS 

NORMAN A WOOD AND L It DICE 

The following records for the occurrence of various species 
of mammals in the State of Michigan have been collected over 
many years, mostly by the first author The writing of the 
manuscript is mainly the work of the second author, with, 
however, much assistance from the first author 

Among the records given are many for species now extinct 
or rare m Michigan, and the information mcluded in the paper 
is valuable chiefly for its bearing on the past distribution of the 
animals of the state Recent records of specimens m the Mu¬ 
seum of Zoology are m general not included, with the exception 
of rare forms To the best of our knowledge none of the 
records here given have previously been published, although 
these records formed a part of tine basis for N A Wood’s 
Annotated Check-List of Michigan Mammals, published in 1914. 

Specimens are available for very few of the records presented, 
but every effort has been made to have the specific identifica¬ 
tions reliable. Numerous records pbout which there might be 
uncertainty as to the specific identifications have been omitted 
In a few cases where two species might be confused, as in that 
of the flying squirrels, the records have been grouped together, 
with an indication of the species in those cases wfyere this could 
be determined with certainty 

Many of the records have been furnished by various na¬ 
turalists in the state, others have been secured from taxider¬ 
mists, from hunters and trappers, and from farmers or other 
residents. For every record here included it is believed that 
the source has been entirely trustworthy. The persons named 
below have furnished the greater number of the records 

425 
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Dr. H A. Atkins, naturalist, formerly residing at Loche, 
Ingham County (notes through T L Hankinson). 

Dr H B Baker, of the Department of Zoology, University 
of Pennsylvania 

Frank Baum, for twenty-two years a trapper in various parts 
of the Upper Peninsula of Michigan, mostly in Mackinac 
County 

Prof W B Barrows, formerly of Michigan Agricultural 
College 

Prof W J Beai., formerly of Michigan Agricultural College 
(notes through T L Hankinson) 

E E Brewbter, naturalist, formerly of Iron Mountain, Dick¬ 
inson County 

W A Brothkrton, naturalist, formerly of Rochester, Oakland 
County 

R A Brown, M D , graduate of the University of Michigan 
J. Buchanan, fanner, of Big Creek, Oscoda County 
Kitson Cobb, game warden, of Portage Lake, Washtenaw County. 
Prof L J Cole, now at the University of Wisconsin 
A B Covert, formerly on the staff of the University of Michi¬ 
gan Museum 

John Dnnr, an old resident of Holland, Ottawa County 
C K Dodge, botanist, formerly of Port Huron 
A B Ditrfee, naturalist, formerly of Grand Rapids ' 

Dr Morris Gibbs, naturalist, formerly of Kalamazoo 
Prof T L Hankinson, of the Ypsilanti State Normal College. 
Walter Hastings, ornithologist, now at South Lyon, Oakland 
County 

L C Hodges, resident near Stanton, Montcalm County. 

Dr. Walter Koelz, of the U S Bureau of Fisheries. 

Isaac Lamoex, an old resident of New Richmond, Allegan 
County 

Wm McGraw, trapper, of Vermillion, Chippewa County, and 
of Two Hearted Life-saving Station, Luce County. 
Albert Miller, old resident farmer, of Lewiston, Montmo¬ 
rency County 

T Moore, an old hunter of Montague, Muskegon County. 
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E. L. Moseley, naturalist, now at State Normal College, 
Bowling Green, Ohio. 

W E Muluken, naturalist, formerly of Grand Rapids 
E. A Purchase, old resident of Township 26 North, Range 1 
West, Crawford County 

Walter Rodger, an old hunter and trapper, now of Charle¬ 
voix, Charlevoix County 

Percy Selous, naturalist, formerly of Greenville, Montcalm 
County 

C. F Smith, a resident of Forrestville, Sanilac County, from 
1844 to 1877 

Samuel Sficer, a resident taxidermist in Goodnch, Genesee 
County, first arriving in the county in 1845 
Dr J. B. Steere, formerly curator of the Museum, University 
of Michigan 

Joseph H. Steers, a justice of the Michigan Supreme Court, 
living for many years at Sault Ste. Marie, Chippewa County 
Albert Terrill, taxidermist, of Norway, Dickinson County 
Crystal Thompson, formerly on the staff of the Museum of 
Zoology, University of Michigan 
Jerome Trombley, naturalist, formerly of Petersburg, Monroe 
County 

Ed. van Winkle, naturalist, formerly of Van's Harbor, Delta 
County. 

Hon L D Watkins, formerly a resident of Manchester, Wash¬ 
tenaw County. 

J. C. Weeks, old resident of Napoleon, Jackson Cqpnty 
W. C Weeks, old resident of Napoleon, Jackson County 
Prof. R. H Wolcott, now of the Department of Zoology, 
University of Nebraska 

J. Claire Wood, naturalist, formerly of Detroit 
Orrin J. Wenzel, formerly a student of the Department of 
Zoology, University of Michigan. 

C. V Woodin, an old trapper of Republic, Marquette County 


Also a number of records of specimens in the museum of the 
Michigan Agricultural College have been reported to us by 
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W B Barrows, and N. A Wood has examined a small col¬ 
lection of mammals belonging to the Edwardsburg High School, 
Cass County 

The records are arranged by species, under the species they 
are given by counties listed alphabetically 

DlDELPHIS VIEGINIANA VIBG1NIANA 

Opossum 

Allegan — Isaac Lamoex reports that it occurred at New Rich¬ 
mond when he arrived there m 1845 
Cabs — Ciystal Thompson in 1908 found it rare near Cass- 
opolis 

Eaton — In the collection of the Michigan Agricultural College 
is a specimen taken January, 1903, at Diamondalc, and 
another taken in the same year at Grand Ledge. 

Genesee — Samuel Spicer reports one killed in Atlas Town¬ 
ship in the fall of 1857, the only one he knows of being 
taken in the county This is perhaps tho same specimen 
reported by Miles m the first Biennial Report of Progress 
of the (Michigan) Geological Survey 
Gbatiot — W. B Barrows has a record of one killed m the fall 
of 1905 in Washington Township 
Ingham — E R Hawley, a resident, reports one taken in 1910 
in Leslie Township, and another taken in 1906 in Bunker 
Hill Township In the collection of the Michigan Agricul¬ 
tural a specimen taken March 29, 1899, at Holt. 

Isabella W B Barrows has a i coord of one taken m the 
summer of 1898 or 1899 at Shepherd 
Monboe — Jerome Trombley in 1910 reported it to have been 
“not uncommon’’ near Petersburg about 1850, but none 
had been noted since 1865 

Oaxland — John Bassett, a resident, caught one in 1850 in 
his orchard near Novi 

Ottawa — W B Barrows reports one taken in 1911 near 
Ottawa 

Wayne, J Claire Wood saw one trapped near Trenton, De- 
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cember 1, 1900, he heard of three others being taken during 
February, 1904, near the same place. A B. Durfee in 1898 
reported it found m some numbers m the county 

ScALOPUS AQUAT1CUS MACHBINCS 

Frame Mole 

Cass — Crystal Thompson found it common in 1911 near 
Cassopolis 

Genesee —Samuel Spicer in 1910 reported it common in 
Atlas Township 

Kent — R H Wolcott m 1898 reported it common at Grand 
Rapids 

Monroe —Jerome Trombley in 1910 reported it abundant at 
Petersburg 

Montcalm — Percy Selous in 1898 reported it common near 
Greenville. 

Oscoda —N A Wood saw a few ndges in the sandy plains 
near Butler Bridge m 1903 

Ottawa. — H Imus, a resident, m 1910 reported it common 
near Holland 

Van Btjben — A specimen taken m August, 1913, near Bangor 
is m the Edwardsburg High School 

CONDYLURA CBISTATA 

Star-nosed Mole 

Berrien —Reported by H. D Gross, a teacher, common in 
1906-1907 near St Joseph 

Chippewa —Joseph H Steere of Sault Ste. Mane wrote in 
1910 that one had been brought hun by & boy 

Genebhe — Samuel Spicer reported it common m Atlas Town* 
ship, but m 1910 be had not aeon any since 1902 

Ingham —T. L Hankinaon reports one taken at Lansing in 
1897 

Jackson. — W. C Weeks caught several near Napoleon in 
1902 
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Kalamazoo. — The Museum of Zoology has a specimen taken 
by Moms Gibbs in the county 

Kent — In 1898 R H Wolcott reported it not rare at Grand 
Rapids, he took two in a cellar 

Oakland. — In 1910 W A Brotherton reported it common near 
Rochester January 27, 1921, W Hastings took a speci¬ 
men in a greenhouse at South Lyon 

Oscoda — N A Wood found one dead near Butler Springs m 
July, 1903. 

Shiawasse — In 1898 A B Durfee reported he had taken 
specimens m the county 

SOREX PERSONATES PERSONATES 
Masked Shrew 

Cheboygan —N A Wood took a specimen July 10, 1914, at 
Douglas Lake 

Outonagon —The specimen taken August 2, 1904 in the 
Porcupine Mountains and recorded as Sorex hoyi (Mich 
Geol Surv , Rept , 1905, p 130) proves to be this species. 

Blarina brevicatjda talpoides 
Bob-tailed Shrew 

Ingham T L. Hankinson in 1898 reported it very common 
at East Lansing 

Kent — WE. Muluken in 1898 reported it to occur near 
Grand Rapids 

Wayne — J C. Wood in 1910 reported it common near Detroit. 

Cryptotis parva 
Small Shrew 

Ingham — HA. Atkms reports that he took one in 1874. 
probably at that place 

Jackson. A female m the collection of Walter Koelz was taken 
near the Washtenaw County line May 27, 1922, by 
Saveiy. 
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MyOTIS LUCIFUGT78 LUCIFUGUS. 

Little Brown Bat 

Ahenac — The specimens from the Chanty Islands listed as 
Myotis subulatus (Mich Acad Set , 18th Kept , 1911, p. 134) 
prove to be M l lucifugua 

Ontonagon —Walter Koelz took a specimen August 27 1921, 
at the mouth of Iron River. 

Myotis subulatus subulatus 
Say Bat 

Ontonagon — August 27, 1921, Walter Koelz took a specimen 
at the mouth of Iron River 

Lasionycteris noctivagans 
Silver-haired Bat 

Ingram. — A specimen taken August 8, 1893, at East Tansing, 
is in the collection of the Michigan Agncultural College. 

EpTESICUS FUSCU8 FUSCUS 

Brown Bat 

Van Buren —A specimen m the Edwardsburg High School 
was taken May 5, 1910, at South Haven 

Nycteris borealis borealis 
Red Bat 

Dickinson — EE Brewster in 1898-reported it numerous near 
Iron Mountain; it was often found hibernating with Myotis 
in old mine tunnels 

Kalamazoo — The Museum of Zoology has a specimen taken 
by Gibbs in 1875 at Kalamazoo 

Kent, — R, H Wolcott and L. J. Cole in 1898 reported it 
common around lights at Grand Rapids, the latter took 
eight in one evening with a net. 

Monroe —Jerome Trombley in 1910 reported it occasionally 
found near Petersburg. 



432 


Norman A. Wood and L. R. Dice 


Nycteris cinerea 
Hoary Bat 

Dickinson — Michigan Agricultural College has a specimen 
taken by E E Brewster m 1897 at Iron Mountain 
Kent —R H Wolcott in 1898 reported it uncommon at 
Grand Rapids 

Montcalm — Michigan Agricultural College haB a specimen 
taken at Greenville Percy Selous in 1898 reported it not 
rare at Greenville, m the summer of 1897 he secured a 
photograph of a female with young attached to her breast 
Wayne —J Claire Wood in 1897 found several m Woodland 
Lawn Cemetery 


Urscs americanus amemcanus 
Black Bear 

Allegan — It occurred near New Richmond when Isaac 
Lamoex arrived there in 1845 

Crawford — In 1903 residents reported to N A Wood that 
it web common m the county 

Dickinson — A G Ruthven and F M Gaigc saw one at 
Brown Lake in the summer of 1909 

Genesee —Samuel Spicer reports one killed m Atlas Town¬ 
ship about 1858 or 1860 and another about 1867 or 1868 

Gladwin — Wesley Rradfield, a forester, reported one from 
Tobacco Township m the fall of 1897 

Grand Traverse — WE Hastings saw one in summer, about 
1900, in Long Lake Township. 

Ingham. — W J Beal stated in 1895 that one was killed about 
1878 near the site of the present Hamson Hall, East 
busing H A Atkins reports one killed in the county m* 
1883 

Jackson — John C Weeks m 1842 shot one near Napoleon 

Kalamazoo — Moms Gibbs reports that the last one nti«t in 
the county was taken Decembet 15, 1885 * 
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Kent — L J Cole m 1898 stated that it had occurred near 
Grand Rapids until within comparatively recent times. 
Kent Scientific Institute has a female and cub taken many 
years ago at Grand Rapids 

Livingston — L C Palmer, formerly of Dexter, reports one 
killed in 1867 near Howell 

Luce — In 1914 residents reported to N A Wood that it was 
common in the county John Clark, a resident, reports a 
female with four cubs taken m 1913 on Two Hearted River 

Mackinac — Frank Baum and his brother report killing 
thirty-one in the county during the winter of 1894-1895 

Missaukee — Percy Selous in 1898 reported it common m the 
county 

Monroe — Jerome Trombley reports it common prior to 1820 
in the dense forests near Petersburg, his father killed a large 
female with two cubs m 1843, the last ones known to have 
occurred m the region. 

Montcalm. — Percy Selous reports one killed near Greenville 
in the winter of 1896 

Montmorency —Albert Miller m 1910 reported it still com¬ 
mon near Lewiston 

Oakland — Wm Duncan, a farmer and hunter, states that in 
1842 he killed the last one seen in the county 

Oscoda —J. Buchanan, in April, 1903, shot one near Big 
Creek. 

Roscommon — Wesley Bradficld, a forester, reported one killed 
in September, 1903, near Houghton Lake. 

Schoolcraft — E N. Woodcock caught four in the winter of 
1875-1876 at the headwaters of the Manistique River 

Shiawassee. — T L. Hankinson reports a female with cubs 
taken in 1897 near Corunna * 

Canis lycaon 
Timber Wolf 

Allegan — Was found near New Richmond when Isaac Lamoox 
arrived there in 1845. 
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Cheroygan — Addison Doolittle, a hunter, killed one near 
Black River in 1882 

Genesee. — Samuel Spicer reports that none occurred in 
Atlas Township after 1845, but it had been seen shortly 
before that time 

Ingham. — T L Hankinson in 1898 stated that it had long been 
extinct in the county 

Jackson —John 0 Weeks killed one near Napoleon in 1840. 

Mackinac — J Claire Wood found them unusually abundant 
in the county m 1890 Frank Baum and brother caught 
eleven <m the county during the winter of 1894-1895. 

Monboe — Jerome Trombley reported it abundant near Peters¬ 
burg until 1820, by 1850 it had entirely disappeared 

Oscoda —In 1903 residents reported to N A Wood that it 
was rare in the county 

Sanilac — C F Smith, a resident at Forrestville from 1844 to 
1877, states it was never very common during that time. 

Schoolcraft — E N Woodcock caught five in the winter of 
1875-1876 at the headwaters of the Manistique River. J. E. 
Richie killed two in 1912 and one in 1914 near Floodwood 

Tuscola — Samuel Spicer in 1863 saw tracks of two in the 
lumber woods of the county 

Canis latrans 
Brush Wolf, Coyote 

Alger —In a taxidermy shop at Sault Ste Mane, N. A. 
Wood saw one which had been taken in March, 1912, near 
Munising 

Berrien — W B Barrows has a record of two wolves, prob¬ 
ably this species, killed near New Buffalo in the winter of 
1900-1901 or the previous year The wolves reported from 
Bemen County by Dice (1920, Occ. Papers Mus, Zo& 
Univ Mich , No 86, pp 17—18) were probably this species 
also. 

Dickinson. — Februaiy 25, 1912, one was poisoned near Nor¬ 
way by a fanner and taken to Albert Temfl to be mounted 
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Genesee —The Museum of Zoology has a specimen taken 
March 26, 1017, in Fenton Township 

Marquette — C V. Woodin m 1013 reported a few brush 
wolves in the oounty 

Menominee — Frank Baum m 1011 stated that he had trapped 
m nearly all the counties in the Northern Peninsula, but 
found coyotes only in this one 

Schoolcraft —J E Richie, a trapper, in 1015 reported it 
not rare near Floodwood 

VULFES FULVA 

Red Fox 

Allegan — Isaac Lamoex in 1014 reported it to occur at New 
Richmond 

Antrim. — Reported by W E Hastings common m 1008 m the 
county 

Dickinson — EE Brewster in 1808 reported it rather common 
at Iron Mountain In 1000 A G Ruthven saw many fresh 
skins at Norway and residents reported it common in the 
oounty. 

Genesee — H B Baker m 1005 reported it rare at Flint 

Grand Traverse — Reported by W E Hastings in 1020 to 
be common m the oounty 

Ingham —T L Hankmson wrote in 1808 that it was still 
found m the county. 

Kalkaska — A. B Covert reports a silver gray taken at Sand 
Lake in 1882 

Kent — In 1808 the resident naturalists reported it numerous 
near Grand Rapids. 

Livingston. — N. A Wood in 1005 saw one* near Portage 
Lake. 

Luce — Wm. McGraw in 1008 shot two at Two Hearted Sta¬ 
tion and reported it common. 

Mackinac. — Frank Baum and brother trapped it in the oounty 
during the winter of 1894-96. 

Monroe. — Jerome Trombley in 1910 reported it as not known 
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near Petersburg in the early pioneer days, it was first 
noted about 1855, and it has never been common 

Montcalm — Percy Selous in 1898 reported it less common 
than formerly near Greenville 

Montmorency —Albert Miller in 1911 reported it common 
near Lewiston 

Oakland — WE Hastings in 1920 saw two whelps in Orion 
Township and reported it common in Rose Township 

Oscoda — N A Wood saw one m July, 1903, near Butler 
Bridge, and at that time residents reported it common m 
the county 

Ottawa —John Priy in 1900 reported it rare, one was shot 
in the fall of that year near Holland 

Wayne —J Claire Wood in 1910 reported that there were 
about five dens of the species in the county 

UbOCYON CINEREOAItUENTEUS CINEREOARGENTEUS 

Gray Fox 

Allegan — Isaac Lamoex in 1914 reported it to occur near 
New Richmond 

Antrim — W E. Hastings took one m this county in 1909, 
and reported it numerous, but formerly more common 

Bay, — W B Barrows has a record of one killed in January, 
1908, near Bentley 

Charlevoix — Walter Rodger in 1907 saw a fresh skin taken 
near Charlevoix 

Crawford — E A Purchase in 1903 reported it rare m Town¬ 
ship 26 N, Range 1 W 

Grand Traverse — W E Hastings reported it numerous in 
1908 m the county. 

Jackson, —W. C Weeks in November, 1860, shot one near 
Napoleon 

Monroe. Jerome Trombley reported it not uncommon near 
Petersburg before 1850, it began to disappear with the 
advent of the red fox, and m 1910 was probably extinct in 
the region 



Michigan Mammals 437 

Montcalm — Percy Selous in 1898 reported it formerly com¬ 
mon, but then rare near Greenville 

Montmorency — Albert Miller m 1911 reported it not rare 
near Lewiston 

Oscoda — J Buchanan m 1903 reported it rare near Big Creek 

Wexford —A B Covert in the winter of 1881-1882 bought 
several skms from trappers operating near Cadillac 

Pbocyon lotor lotor 
Raccoon 

Allegan. — Was found near New Richmond in 1845 when 
Isaac Lamoex arrived there 

Antrim — WE Hastings reported it fairly abundant in suit¬ 
able places in 1914 in the county 

Dickinson. — EE Brewster in 1898 reported it occasionally 
taken near Iron Mountain 

Grand Traverse — WE Hastings reported it common m the 
county in 1908 

Ingham — T L Hankinson wrote in 1898 that it was common 
in the county 

Kent — Resident naturalists in 1898 reported it common near 
Grand Rapids 

Livingston — Kitson Cobb in November, 1910, caught several 
near Portage Lake 

Luce — Wm. McGraw in 1906 trapped six near Two Hearted 
Station 

Monroe. — Jerome Trombley reports it to have been common 
near Petersburg between 1870 and 1885, but in 1910 it 
occurred only in limited numbers, becoming scarcer evory 
year 

Montcalm — Percy Selous in 1898 reported it common near 
Greenville 

Oakland — WE. Hastings m 1920 saw one, and reported it 
fairly abundant in suitable places. 

Oscoda —In 1903 residents reported to N. A. Wood that it 
was numerous in the county. 
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Presque Isle — In October, 1882, N A. Wood saw one which 
had been killed near Black Lake 

Schoolcraft — E N. Woodcock reports that it was plentiful 
in the winter of 1875-1876 at the headwatere of the Mams* 
tique River 

Wayne — J Claire Wood in 1910 reported it not uncommon in 
the county, he found a number m Woodland Lawn Ceme¬ 
tery in 1897 


MarTES AMERICANA AMERICANA 

Marten 

Alger. — In February, 1911, Fred Hawkins of Vermilion shot 
one near Grand Manas George Shiraa, 3rd, in 1916 reported 
it rare near Whitehall Lake, though it was formerly common 

Allegan —Isaac Lamocx reports it was found at New Rich¬ 
mond when he arrived there w 1845 

Alpena — E N Woodcock reports it was plentiful in the county 
when he trapped there in the winter, about 1867-1868. 

Crawfo'rd —In 1903 residents reported to N A. Wood that 
it was numerous in the county 

Delta —The Museum of Zoology has a mounted specimen 
taken in the county in February, 1893 

Dickinbon —James Brush, a trapper, told A G Ruthven in 
1909 that it was rare m the region 

Grand Traverse — Reported by W E Hastings to have oc¬ 
curred formerly m the county 

Luce. — In 1912 trappers in the northeastern part of the county 
reported to N. A Wood that a few occurred in the forests 

Missaukee. — Percy Selous in 1898 reported that it was oora- 
mon in the oounty 

Montmorency' — Albert Miller m 1911 reported it rare near 
Lewiston. 

Presque Isle — The Museum of Zodlogy has a mounted speci¬ 
men taken in December, 1883, at Black Lake. 

Schoolcraft — E N Woodcock reports it was very common 
m the winter of 1875-1876 at the headwatere of the Manis- 
tique River. 
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Wexford —A B Covert bought many skins at Cadillac in 
1881-1882, he reports it common there at that time 

MARTES PENNANTI PENNANTI 

Fisher 

Alger — £ N. Woodcock reports that it was common m the 
winter of 1875-1876 Between 1909 and 1916 several trap* 
pers reported it rare in the county 

Alpena — E N Woodcock reports that a few were found in 
the county in the winter of about 1867-1868 

Houghton — John Gordon, of Saline, Michigan, shot one in 
the fall of 1910 and another in November, 1911, near Alls- 
ton N A. Wood has seen a male taken in the county in 
November, 1914, it weighed 12 pounds 

Ingham —H A Atkins reports a male weighing 20 pounds 
taken in the county in 1882 

Luce — In 1912 trappers in the northeastern part of the county 
reported to N A Wood that a few occurred there 

Missaukee — Percy Selous m 1898 stated it had been taken 
m the county 

Montmorency —Albert Miller in 1911 reported it rare near 
Lewiston 

Presque Isle. — Walter Rodger reports one killed near Black 
Lake in 1889. 

Schoolcraft — E N. Woodcock reports that it was common 
in the winter of 1875-1876 at the headwaters of the Mams- 
tique River 

Wayne. — A. B Durfee reports two specimens caught in the 
county in 1880. 

Wexford — A B. Covert in 1881-1882 bought the skins of 
several taken near Cadillao 

MUSTELA NOVEBORACENSIS NOVEBORACEN8IS 

New York Weasel 

Allegan. — In 1914 Isaac Lamoex reported weasels to occur 
near New Richmond 
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Antrim — W E> Hastings reported weasels common from 
1908-1914 m the county 

Cass — In 1911 Crystal Thompson found weasels common near 
Cassopohs 

Grand Traverse — WE Hastings reported weasels common 
in 1908 in the county 

Ingham —In the winter of 1897—1898 T L Hankmson took 
four m the county 

Jackson — In 1910 W C Weeks reported weasels common 
near Napoleon 

Kent — In 1898 R. H Wolcott and W E Milhken reported 
it common at Grand Rapids 

Monroe — In 1910 Jerome Trombley reported it found spar* 
mgly near Petersburg, though it hud been common m 
years past 

Montcalm — In 1898 Percy Selous reported it common near 
Greenville In 1911 L C Hodges reported weasels common 
near Stanton 

Montmorency — In 1911 Albert Miller reported weasels com¬ 
mon near Lewiston 

Ottawa — In 1907 John Driy reported' weasels not common 
near Holland 

Van Buren — N A Wood has seen a specimen in the Ed- 
wardsburg High School Collection, which was taken May 5, 
1910, near South Haven 

Wayne — In 1910 J Claire Wood reported it rather common 
in the county 

Mtjstela vison lktifera 
Mustela vison mink 
Mink 

Allegan — It was found near New Richmond when Isaao 
Lamoex arrived there, and still occurs 

Charlevoix In 1910 Walter Rodger reported it common xn 
the county 

Cheboygan. — In the fall of 1883 N A Wood shot one and 
trapped another on Black River 
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Crawford —In 1903 residents reported to N A Wood that 
it was common 

Genesee — In 1905 H B Baker reported it common near 
Flint. Samuel Spicer m 1910 reported that it has always 
been common in Atlas Township 

Grand Traverse — WE. Hastings reported it common in the 
county up to 1920 

Ingham — In 1898 T L Hankinson and L J Cole reported 
it common m the county 

Ionia — In 1898 L J Cole reported it common m the county 

Jackson — In 1910 W C Weeks reported it common near 
Napoleon. 

Kent — In 1898 several resident naturalists reported it common 
near Grand Rapids 

Luce — In 1907 Wm McGraw caught seven near Two Hearted 
Station 

Monroe — In 1910 Jerome Trombley reported it growing 
scarcer near Petersburg, where it was common until 1885 

Montcalm --In 1898 Percy Selous reported it common near 
Greenville 

Oscoda — In July, 1903, N A Wood saw one in Big Creek, 
at that time residents reported it common in the county 

Ottawa — In 1898 L J Cole reported it common in the county 

Schoolcraft — E N Woodcock reports that it was very 
common find many were caught m the winter of 1875-1876 
at the headwaters of the Mamstique River 

Wayne. — In 1910 J Claire Wood reported it rather common 
m the county 

Gulo luscus . 

Wolverine 

Chippewa — Joseph H Steere writes that he has seen a 
mounted specimen said to have been killed in this county 
before 1880 by an old Indian, that was said to be the last 
one taken near Sault Ste. Marie. He has also heard it said 
that long ago, m the days of the old fur companies, wolverine 
skins were occasionally purchased from the Michigan Indians. 
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Kent — R H. Wolcott wrote m 1898 that he had seen speci¬ 
mens taken by sportsmen to the north of Grand Rapids 
He does not now remember from how great a distance these 
specimens came 

Oscoda — L D WatkinB Btates that in 1844 he shot one while 
he was hunting in a big swamp along the lower Au Sable 
River, at that time they were occasionally found m the 
Southern Peninsula, but they were not fond of sparsely 
timbered lands 

Schoolcraft. — E N Woodcock, a trapper, was much bothered 
by a wolverine in the wmter of 1876-1876 at the headwaters 
of the Mamstique River He set traps and caught the ani¬ 
mal, and later he saw tracks of others 

Mephitis htjdsonica 
Northern Plains Skunk 

Dickinson —In 1898 E E Brewster reported it commqn at 
Iron Mountain 

Luce — Between 1900 and 1908 Wm McGraw trapped num¬ 
bers of them at Two Hearted Station. 

Mephitis niora 
Eastern Skunk 

Antrim —W E Hastings reports it common up to 1920 in 
the county 

Cass — In 1911 Crystal Thompson found it common near 
Cassopolis. 

Crawford — In Jhly, 1903, N A Wood saw one at Big Creek, 
at that time residents reported it common m the oounty 

Grand Traverse. — W. E Hastings reports it common until 
1920 in the county 

Ingham — In 1898 T. L H&nkinson reported it common in 
that county. 

Kent — In 1898 R H, Wolcott and W. E Milliken reported it 
common near Grand Rapids 
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Monbob — In 1910 Jerome Trombley reported it still quite 
prevalent near Petersburg, where it was formerly much 
more common 

Montcalm —In 1898 Percy Selous reported it very common 
near Greenville 

Oakland. — In 1921 W E Hastings reported it common near 
South Lyon 

Oscoda —In 1903 various residents reported to N. A. Wood 
that it was common in the county 

Wayne —In 1910 J Claire Wood reported it rather common 
m the county. 


TAXIDEA TAXUS TAXU8 

Badger 

Alger. — In November, 1913, one was trapped by James O. 
Cooper, a trapper, near Grand Manas 

Cass — In 1911 Crystal Thompson found it rare near Casaopo¬ 
lls 

Charlevoix —Walter Rodger reports one caught in 1910 at 
Charlevoix 

Crawford —In 1903 residents reported to N A. Wood that 
it was common in the county 

Dickinson. — E. E. Brewster reports one killed in 1893 and 
another m 1895 at Iron Mountain In 1913 C V. Woodin 
reported it to occur on the sandy wastes of the northern 
part of the county 

Genesee — In the winter of 1889 Samuel Spicer caught one 
in Atlas Township February 1, 1903, one was killed on 
the farm of Frank Harris in Grand Blanc, Township. 

Hillotale —T L Hankinson reports a few taken in the 
county about 1890. 

Ingham —A mounted specimen taken at Lansing is in the 
collection of the Michigan Agricultural College. 

Ionia. — la 1883 J. B. Steere killed a large one and dug out 
two young at Belding. 

Jackson. — In 1900 W. C. Weeks killed one at Columbia 
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Kalamazoo — Morns Gibbs reports one captured May 14, 
1877, at Kalamazoo 

Kent — In 1898 R H Wolcott and W E Milliken reported it 
occasionally found neai Grand Rapids 

Lenawee —Asa Kogle, a farmer, killed one near Morenci 
March 22, 1906 

Monroe —Jerome Trombley reports one killed about 1892 
near Petersburg 

Montcalm — Percy Selous reports three taken by him previous 
to 1898 near Greenville 

Montmorency — In 1911 Albert Miller reported it common 
near Lewiston 

Oakland —In 1911 W A Brotherton reported it quite com¬ 
mon near Rochester W E Hastings has records for near 
South Lyon about 1916 and about 1919 

Oscoda. — July 11, 1903, N A. Wood saw tracks and a freshly 
dug hole near Butler Bndge In 1915 James Buchanan re¬ 
ported it common at Big Creek 

Presque Isle — N A Wood has seen the skm of one taken 
October, 1883, near Black Lake 

Washtenaw — In February, 1923, Will Haynes, a hunter of 
Ann Arbor, saw where a badger had dug out six woodchuck 
dens south of the city The tracks were very plain m the 
snow and sand 

Wayne. — In 1898 A B Durfee reported that some occur in 
the county 


Lutra canadensis canadensis 
Otter 

Allegan. — It occurred near New Richmond when T"*** La- 
moex arrived there m 1845. 

Bbanck — In 1916 Albert Keel, a farmer, saw one in Ovid 
Township 

Chippewa — In 1912, in a taxidermy shop, N. A Wood saw a 
skin which had been taken near Sault Ste. Marie 

Crawford, — In 1903 residents reported to N A. Wood that 
it was common m the county 
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Dickinson — In 1898 fi E Brewster reported having seen it 
near Iron Mountain Albert Temll reports one taken in 
1908 near Norway 

Genesee — Samuel Spicer reports one killed m Atlas Town¬ 
ship about 1866, he used to see signs frequently along 
Kearslcy Creek 

Grand Traverse —W E Hastings reports that in 1905 it 
was rare and in 1920 very rare in the county 
Ingham — T L Hankinson reports that in 1887 a resident saw 
one m Grand River in Lansing 
Iron — In July, 1902, J H Bortle, of Birmingham, saw a 
family of four on Paint River near Crystal Falls. 

Kent — In 1898 R H Wolcott reported it rare near Grand 
Rapids 

Livingston — WE Hastings has a record of one seen in 1920 
by a resident m Green Oak Township 
Mackinac — In the winter of 1894-1895 Frank Baum and 
brother trapped them in the county 
Monroe —Jerome Trombley reports it not uncommon along 
the River Raisin dunng the early part of the nineteenth 
century, his father shot one m 1844, the last record for 
the river which is known to him 
Montcalm — In 1898 Percy Selous reported it rare near Green¬ 
ville, though it was formerly common 
Oscoda — In 1903 residents reported to N A Wood that it 
was common in the county 

Wexford. — In 1881-1882 A B Covert bought several skins 
taken near Cadillac, m the fall of 1881 he saw a slide on 
Clam River 


Feus couguar * 

Cougar, Panther 

Allegan — Isaac Lamoex knows of but one being found near 
New Richmond since he arrived there in 1845 
Ingham —L C Hodges has seen a mounted specimen which 
was taken at Pleasant Lake in 1875. 
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Montcalm —>L. C. Hodges reports his dogs treed one near 
Stanton m 1886, but he did not have a gun and lost the 
animal 

Lynx canadensis canadensib 
Canada Lynx 

There is considerable possibility that the Canada lynx and the bob-oat 
are confused m some of the records here included under the two species 
Allegan — It was found at New Richmond when Isaac La- 
moex arrived there in 1845 

Chippewa —In 1910 Joseph H Steere reported it as stall 
occurring near Sault Ste Marie, where it was formerly 
more numerous than the bob-cat N A Wood in a taxi¬ 
dermy shop at Sault Ste Mane saw a specimen killed not 
far from there in August, 1912 Michigan Agricultural Col¬ 
lege has a specimen taken March 1, 1900, at Rudyard 
Crawford — In 1903 K A Purchase reported it rare in the 
eastern part of the county 

Mackinac —In the winter of 1894-1895 Frank Baum and 
brother killed thirty-foui in the county 
Monroe —Jerome Trombley reports one taken near Peters¬ 
burg m 1842, the last one of which he heard in that region; 
it was common m the early days 
Montcalm — In 1910 L C Hodges reported it still present 
near Stanton 

Oscoda —In February, 1903, J Buchanan trapped one at 
Big Creek In 1844 L D. Watkins killed one in a big 
swamp along the lower Au Sable River 
Schoolcraft — E N Woodcock reports that he caught several 
m the winter of 1875-1876 at the headwaters of the Maxus- 
tique River 

Wexford — Percy Selous reports one taken in November, 1894, 
18 miles east of Cadillac 

Lynx huffus ruffus 
Bob-cat 

Allegan. — It occurred near New Richmond when Isaac Is* 
moex amved there in 1845 
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Antrim —W E Hastings reports wild-oats of some species 
fairly common and often seen in 1914 m this county. 

Crawford — In 1903 residents reported to N. A Wood that 
it was common m the county 

Dickinson — AG. Ruthven has seen a skin taken near Pine 
Creek in 1909 

Huron — The Museum of Zoology has a mounted specimen 
taken in 1879 at Bayport 

Grand Traverse — WE Hastings reports wild-cats of some 
species formerly common, but rare in 1908 in this county 

Ingham —HA Atkins reports it present when the county 
was new 

Luce. — In 1907, at Two Hearted Station, Win McGraw saw 
three, of which two were killed 

Mackinac —Frank Baum and brother caught five in the 
county in the winter of 1894-1895 

Monroe —Jerome Trombley reports it was common near 
Petersburg about 1885, in 1910 probably none occurred m 
the region. 

Montcalm —Percy Selous reports a male killed near Green¬ 
ville Januaiy 9, 1894 

Oakland — The Museum of ZoSlogy has a mounted specimen 
taken in 1869 at Rochester 

Oscoda — In 1903 J. Buchanan reported it rare at Big Creek 

Wayne — W. H Brotherton reports that one was known to 
have lived in a big swamp near Royal Oak as late as 1910 

Wexford — The Museum of Zoology has a mounted specimen 
taken m 1892 at Cadillac 

Peromybcus maniculatus baibdii 
Praine Deer Mouse * 

Cass. — In July, 1910, Crystal Thompson collected specimens 
at Cassopolis in fields near marshes and tamarack swamps. 

Pebomtscus lbucopus novbboracensis 
Northern Deer Mouse 

Allegan. — In 1806 L. J. Cole reported it common in the oounty. 
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Genesee — la 1905 H B Baker reported it common near 
Flint 

Ingham — In 1898 T L Hankinson and L J Cole reported 
it common at East Lansing 

Jackson — In September, 1880, N A Wood found it common 
near Napoleon 

Kalamazoo —A specimen taken by Morns Gibbs is in the 
Museum of Zoology 

Kent — In 1898 L J Cole and W E Mulhken reported it 
common at Grand Rapids 

Lenawee — In 1910 N A Wood found it common near Milan 

Livingston — In 1910 N A Wood found it common at Lake¬ 
land 

Montcalm — In 1898 Percy Selous reported it common near 
Greenville 

Oakland — In 1896 N A Wood found it common at South 
Lyon 

Ottawa — In 1898 L J Cole reported it common in the county. 

Wayne — In 1910 J Claire Wood reported it common near 
Detroit 


Evotomys gapperi gappebi 
Red-backed Vole 

Luce — In August, 1914, N A Wood saw one which had been 
taken at Crisp Point 

Synaptomys cooferi 
Cooper Lemming-Vole 

Cass The Museum of Zoblogy has several specimens taken 
in January, 1911 under a stack of corn stalks near Cass- 
opolis 

Micbotus pennbylvanicus pennsylvanicus 
Pennsylvania Vole 

Crawfobd — In 1903 residents reported to N. A. Wood that 
it was common in the county. 
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Genesee — In 1905 H B Baker reported it common near 
Flint. 

Ingham — In 1898 T L Hankmson reported it common near 
East Lansing 

Lenawee — In 1901 N A Wood found it common near Milan 

Livingston — In 1910 N A Wood found it common near 
Lakeland. 

Monhoe. — In 1910 Jerome Trombley reported it very common 
m meadows and gram fields near Petersburg; m autumn 
many are found under com shocks, making their nests of 
corn leaves and fur It is the common prey of the marsh 
hawk 

Montcalm — In 1898 Percy Selous reported it common near 
Greenville, being extensively preyed upon by hawks and 
owls and massaugas (rattlesnakes) 

Oakland — In 1881 N. A Wood found it common near South 
Lyon 

Van Busen — A specimen from near Bangor taken in 1913 
is in the Edwardsburg High School 

Wayne —In 1910 J Claire Wood reported it common near 
Detroit. 

Ondatra zibetiiica zibethica 
Muskrat 

Geneses. — Samuel Spicer in 1910 reported it common in 
Atlas Township, he caught many between 1860 and 1870 

Grand Traverse —WE. Hastings reports it formerly com* 
mon, but much reduced in 1905 in this county. 

Ingham —In 1898 T L. Hankmson and L J. Cole reported 
it common in the county. 

Ionia. — In 1898 L J Cole reported it common in the county. 

Kent. — In 1898 several resident naturalists reported it com¬ 
mon at Grand Rapids 

Luce. — In August, 1912, Ornn J. Wensel found it not rare 
along the Taquamenaw River. 

Monroe. — Jerome Trombley reports that it once swarmed in 
the River Raisin and its tributaries and adjacent ponds, 
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in 1890 it was still quite common, but in 1010 only a few 
were left near Petersburg, although at that time they were 
still found in considerable numbers on the Monroe Marshes 
at the mouth of the Raism 

Montcalm — In 1898 Percy Selous reported it very common 
in the county. 

Muskegon —In 1910 T Moore reported it common near 
Montague 

Ottawa — In 1908 John Dny reported it very common near 
Holland 

Phebque Isle —In 1883 N A Wood found it common at 
Black Lake 

Washtenaw — In the early winter of about 1912 a muskrat 
was killed beside a house in the midst of the city of Ann 
Arbor, over a mile from the nearest stream N. A Wood 
saw the specimen 

Wayne —In 1910 J Claire Wood reported it tolerably com¬ 
mon in the county 

Rattus nobvegicus 
Brown Rat 

Ingham — HA Atkins states that it was not found at Loche 
until after the country had been settled about twenty 
years 


ZAPUS HUDSONIUS HUDSONItFB 

Hudson Bay Jumping-Moust 

Algbb — A specimen m the collection of the Minhigtp Agri¬ 
cultural College was taken in August, 1900, at Cha tan) . 

Kalamazoo. — Prof Wm Praeger of Kalamazoo College reports 
one taken near Kalamazoo In 1910 

Keweenaw. — In August, 1907, A C. Lane, Director of the 
State Geological Survey, found one drowned u a water 
bucket at Mandan 

Wayne. — A B Durfee in 1898 reported it quite plentiful In 
the county. 
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Erethizon dorsatuh dorsatum 
Porcupine 

Alcona — September 20, 1903, N A. Wood saw several near 
Bamfield. 

Allegan — In 1914 Isaac Lamoex reported it to occur at New 
Richmond 

Antrim — WE Hastings reports it fairly common and often 
seen up to 1914 in this county. 

Cass. — EE Thompson, an old resident, reports it as present 
m the county in 1850 

Crawford. — In 1903 residents reported to N. A Wood that 
it was common in the county 

Delta —In 1895 Edward Van Winkle reported it common 
at Van's Harbor. 

Dickinson —In 1898 E E. Brewster reported it common 
near Iron Mountain A G. Ruthven m 1909 saw a num¬ 
ber at Brown Lake. 

Genesee. — Samuel Spicer shot a large one about 1855 in 
Atlas Township 

Grand Traverse —WE Hastings reports it common up to 
1905 in this county • 

Huron. — In 1908 an expedition of the Museum of Zodlogy 
found it rare on Sand Point; only one was seen during 
the summer, but several had been killed by woodcutters 
the previous winter. 

Ingham. — Michigan Agricultural College has a specimen taken 
m 1869 at Lansing. T. L. Hankinson states that old resi¬ 
dents report it once common in the county. 

Iron, —In May, 1902, J H. Bortle, of Birmingham, saw 
thirty-five in two days near Crystal Falls. 

Kent. — In 1898 W. E Mulhken reported it fast becoming 
extinct at Grand Rapids, where it was once common. 

Jackson. — W. C. Weeks reports one killed in 1856 near 
Napoleon. E. It Hawley, a resident, states that the last 
one to hiB knowledge in Waterloo Township was killed m 
1869. 
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Luce — In August, 1912, Orrm J Wensel saw several along 
the Taquamenaw River In August, 1914, N A. Wood 
saw five in the northeastern part of the county* 

Mackinac — In 1883 W A Brotherton saw an albino m the 
county 

Mecosta — In January, 1911, Orrm J Wensel saw one in the 
county 

Missaukee —In 1898 Percy Selous stated that it was com¬ 
mon in the county 

Monroe —Jerome Trombley reports it to have been common 
at Petersburg in the early days, since 1860 it has been 
scarce, and m 1910 was growing scarcer year by year 

Montcalm — In 1898 Percy Selous reported it rare in the 
county In 1911 L 0 Hodges leported it rare at Stanton* 

Montmorency —In 1911 Albert Miller reported it common 
neai Lewiston 

Muskegon In 1898 R H Wolcott reported it common near 
Whitehall In July, 1910, T Moore shot one near Mon¬ 
tague * 

Ogemaw —The Museum of Zoology has a specimen taken 
June 20, 1903 at West Branch 

Oscoda — In 1903 N A Wood found it not rare m the 
county 

Presque Isle — In October, 1883, N A Wood saw one which 
had l>een killed near Black Lake 

Roscommon —The Museum of Zoology has a specimen taken 
in May, 1904, at Higgins Lake 

Schoolcraft —N A Wood has seen a specimen which was 
taken November 15, 1914, near Seney 

St. Clair. — The Museum of Zoology has a specimen taken 
m 1859 at Fort Gratiot 

Tuscola —In the winter of 1863 Samuel Spicer shot several 
m the county 



Michigan Mammals 


453 


MaRMOTA MONAX MONAX 
MaRMOTA MONAX BUFESCBNS 
Woodchuck 

Allegan — In 1914 Isaac Lanioex reported it to occur near 
New Richmond 

Antrim — WE Hastings reports it common in 1920 in this 
county 

Crawford — In 1903 residents reported to N A Wood that 
it was oommon in the county 

Delta. — In 1895 Edward Van Winkle reported it common 
at Van’s Harbor 

Dickinbon — In 1898 E E Brewster reported it rare near 
Iron Mountain, he had seen only four or five in seven¬ 
teen years. 

Genesee. — In 1910 several old residents reported it to have 
been always common in the county 

Gband Traverse — W E Hastings reports it common m 
1920 in the county 

Hillsdale. — In 1898 T L Hankmson reported it common in 
the county 

Ingham —In 1898 T L Hankmson reportod it common near 
East Lansing 

Jackson — In September, 1880, N A Wood saw several near 
Napoleon 

Kent. — In 1898 R. H Wolcott and W E. Mulliken reported 
it oommon at Grand Rapids 

Lapeer. — In 1905 and 1918 several residents reported it 
oommon in the oounty 

Lenawee — In 1896 N A Wood saw several n&r Milan 

Livingston — In 1911 N. A Wood saw several near Lake¬ 
land. 

Luce. — In 1914 Wm. McGraw reported that he had killed 
several near Two Hearted Station 

Monboe. — In 1910 Jerome Trombley reported it very com¬ 
mon near Petersburg 
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Montcalm. — In 1808 Percy Selous reported it very common 
near Greenville In 1911 L C Hodges reported it com¬ 
mon near Stanton 

Montmorency. — In 1910 Albert Miller reported it common 
near Lewiston 

Oakland — In June, 1896, N A. Wood saw several at South 
Lyon W E Hastings reports it common m 1920 near 
South Lyon. 

Oscoda —In 1903 residents reported to N. A. Wood that it 
was common in the county 

Ottawa — In 1908 John Dny reported it rare near Holland, 
one was seen in the fall of 1905 

Wayne — In 1897 J Claire Wood found it common in Wood¬ 
land Lawn Cemetery 

ClTELLUS TRIDECEMLINKATUS TRIDECEMLINEATUS 

Striped Ground-Squirrel 

Calhoun — In 1898 E L Moseley reported it plentiful in the 
county 

Cabs —In 1911 Crystal Thompson found it rare near Cass- 
o polls 

Crawford — In 1903 residents reported to N A Wood that 
it was fairly common m the county 

Dickinson. — In 1913 C V Woodin reported a few to occur 
m the sandy barrens of the northern part of the county. 

Genesee — In 1905 H B Baker reported it not common near 
Flint In 1910 Samuel Spicer reported it common in Atlas 
Township 

Hillsdale — In 1898 T L Hankmson reported many in the 
county. 

Ingham — In 1898 T L Hanktnson took one at East Lansing, 
the only ono he had seen in the county 

Jaoxbon. — In September, 1896, N A Wood found it common 
near Napoleon 

Kent. — In 1898 resident naturalists reported it common near 
Grand Rapids, being found only on quite sandy ground. 
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Livingston —In 1910 N. A. Wood found it common near 
Lakeland. 

Montcalm — In 1898 Percy Selous reported it common near 
Greenville In 1911 L C Hodges reported it very com¬ 
mon since 1905 near Stanton 

Oakland — In 1920, W E Hastings reported it common near 
South Lyon 

Ottawa — In 1908 John Dny reported it rare near Holland. 

Roscommon — July 16, 1903, N A Wood saw one near Ros¬ 
common 

Van Buben — The Edwardsburg High School has a specimen 
taken in 1911 at Bangor 

Eutamias minimus neglectus 
Lake Superior Chipmunk 

Ltice —During August, 1914, N A Wood found it common 
in the northeastern part of the county 

Marquette. — In August, 1910, Bryant Walker found it in 
the Huron Mountains. 

Tamias striatus ltsteri 
Chipmunk 

Cass. — In 1912 it was reported by Crystal Thompson still 
common near Cassopolis 

Crawford. — In 1903 residents reported to N A. Wood that 
it was common in the county. 

Genesee. — In 1910 Samuel Spicer reported it always common 
in Atlas Township. In 1905 H. B. Baker reported it very 
common n;ar Flint , 

Ingram. — In 1898 T. L. Hankinaon reported it common in 
the county. 

Jackson. — In September, 1880, N. A. Wood saw several near 
Napoleon 

Kalamazoo. — In 1881 N. A Wood saw it near Kalamasoo 

Kent. — In 1898 R. H. Wolcott and W. E. MuIHken reported 
it very common at Grand Rapids 
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Lenawee — In July, 1900, N. A. Wood saw several near 
Milan 

Livingston — In May, 1912, N A. Wood saw several near 
Lakeland 

Marquette — BryaDt Walker of Detroit took a specimen 
August 15, 1910, in the Huron Mountains 

Monroe —In 1910 Jerome Trombley reported it quite scarce 
near Petersburg, where it was quite common about 1880 
or 1890 

Montcalm — The Museum of Zoology has a specimen taken 
in the county in July, 1883, by Morris Gibbs. In 1898 
Percy Selous reported it very common near Greenville 
In 1911 L C Hodges reported it common near Stanton. 

Oscoda — In July, 1903, N A Wood saw one near Butler 
Bridge 

Ottawa — In 1908 John Driy reported it quite common near 
Holland 

Saginaw — In 1902 R A Brown reported it common in the 
county 

Wayne — J Claire Wood reports finding in 1897 several nests 
of newly born young in Woodland Lawn Cemetery 

SciURUS HUDSONICUS LOQUAX 

Red Squtrrd 

Alcona — September 20, 1903, N. A Wood saw several near 
Bamfield 

Allegan — In 1914 Isaac Lamoex reported it to occur near 
New Richmond 

Antrim —WE Hastings reports it abundant m 1920 m this 
county. 

Cass — In 1912 Ciystal Thompson reported it still common 
near Cassopolls 

Crawford —In 1903 residents reported to N. A. Wood that 
it was common in the county 

Delta — In 1895 Edward Van Winkle reported it abundant at 
Van's Harbor. 
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Dickinson — In 1898 £ E. Brewster reported it common at 
Iron Mountain. 

Genesee — Samuel Spicer reports that it was formerly very 
common in Atlas Township, but he took none after 1887. 
In 1905 H B Baker reported it not very common near Fhnt 

Grand Traverse —W £. Hastings reports it common in 
1920 in the county 

Ingham — In 1898 T L. Hankinson reported it common in 
the county The Museum of Zoblogy has a specimen taken 
in October, 1911, at Lansing 

Iosco — September 21, 1903, N A Wood saw several along 
the Au Sable River. 

Kalamazoo — The Museum of Zoology has a specimen taken 
by Moms Gibbs m the county 

Kent. — In 1898 R. H. Wolcott and W E Mulhken reported 
it common near Grand Rapids. 

Luce —In 1912 residents of the region reported to N A 
Wood that it was common m the northeastern part of the 
county 

Mackinac — In 1890 J. Claire Wood found it common in the 
county 

Monroe. — In 1910 Jerome Trombley reported it scarce near 
Petersburg, where it was once common 

Montcalm. — The Museum of Zoology has a specimen taken 
by Moms Gibbs in the county In 1898 Percy Selous 
reported it very common near Greenville. In 1911 L. C. 
Hodges reported it plentiful near Stanton 

Oakland. — W. E. Hastings reports it numerous near South 
Lyon in 1920. 

Ottawa. — In 1908 John Driy reported it not .common near 
Holland 

Roscommon —In July, 1903, N. A. Wood found it common 
near Roscommon. 

Van Buben. — The Edwardsburg High School has a specimen 
taken in 1912 at Bangor 

Wayne —In 1910 J. Claire Wood reported it common near 
Detroit. 



458 


Norman A Wood and L. R. Dux 


SciURUS CAROLINENSIB LEDCOTIS 

Gray Squirrel 

Alger — N A Wood saw four gray squirrels and a black 
one killed in October, 1908, near Munismg 
Allegan —In 1914 Isaac Lamoex reported both gray and 
black squirrels to occur at New Richmond 
Branch —In 1898 E. L. Moseley reported it to occur m the 
county 

Cass —In 1911 Crystal Thompson reported gray and black 
squirrels as formerly common near Casaopoks 
Chippewa —Joseph H Steere, in 1910, reported black and 
gray squirrels scarce near Sault Ste Marie. 

Crawford —In 1903 residents reported to N A. Wood that 
it was rare in the county. 

Delta. — In 1895 Edward Van Winkle reported it not common 
at Van’s Harbor 

Dickinson —Albert Terrill m 1909 reported that black and 
gray squirrels were occasionally taken near Norway 
Genesee —Samuel Spicer, an old resident, reports that it 
used to be common m Altas Township, but in 1910 it 
was nearly extinct. In 1905 H B Baker reported it rare 
near Flint. 

Grand Traverse —W. E. Hastin gs reports it common in 
1908 m the county, the gray phase most common 
Ingham — In 1898 W J, Beal reported it common at East 
Lansing In 1909 Prof Chas Davis, botanist, reported 
it scarce at Lansing. 

Ionia. — The Museum of Zodlogy has a specimen taken Sep* 
tember 5, 1878, at Ionia. 

Kent. — In 1898 the resident naturalists reported it once com¬ 
mon, still numerous, but decreasing m numbers, the blade 
color phase only being found at that time 
Luce —Wm. MoGraw reports he killed both gray and blade 
squirrels in 1914 at Two Hearted Station 
Mackinac. — In 1911 Frank Baum reported a few to occur 
near Gilchrist 



Michigan Mammals 459 

Monroe. — In 1910 Jerome Trombley reported it to be very 
scarce near Petersburg, where it was once very common 

Montcalm —The Museum of Zoology has a specimen taken 
in the county by Morns Gibbs September 29, 1883 In 
1898 Percy Selous reported it common at Greenville dur¬ 
ing migrations In 1911 L. C. Hodges reported it rare at 
Stanton. 

Montmorency —In 1910 Albert Miller reported the black 
squirrel common near Lewiston 

Oakland —W E. Hastings in 1921 reported a few to occur 
near South Lyon 

Oscoda —September 18, 1903, Prof. J. E Reighard, of the 
University of Michigan, saw a black squirrel near McKin¬ 
ley, at that time residents reported it scarce m the county 

Ottawa. — In October, 1901, John Dny shot a black squirrel 
near Holland 

Shiawassee —Michigan Agricultural College has a specimen 
labeled Ososso 

St Clair —The Museum of Zoology has three black squir¬ 
rels taken in November, 1892, at Port Huron 

Wayne —In 1910 J Claire Wood reported it to equal the 
fox squirrel m abundance near Detroit, from 1888 to 1894 
they were abundant in the city markets. 

SciURUB NIGER BUFIVENTER 

Fox Squirrel, 

Allegan. — In 1914 Isaac Lamoex reported it to occur at New 
Richmond 

Antrim. — In 1920 W. E Hastings reported a ftfw to occur in 
the county. 

Branch. — In 1898 E. L Moseley reported it to occur in the 
county. 

Cass — In 1911 Crystal Thompson found it rather common at 
Cassopohs. 

Charlevoix. — Walter Rodger saw one in June, 1907, and two 
in the winter of 1910-1911 near Charlevoix. 
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Chippewa — Charles Hawkins, a hunter and trapper, reports 
he killed one in October, 1906, near Whitefish Point P O 
Residents of the region report it very rare 

Genesee — Samuel Spicer reports it had been numerous m 
Atlas Township until about 1900 In 1905 H B Baker 
reported it quite common near Fhnt 

Grand Traverse — In 1920 W E Hastings reported it not 
so common as formerly in the county 

Hillsdale — In 1898 T L Hankmson reported a good many 
to occur in the county 

Ingham — In 1883 H A Atkins reported it more common 
than the gray squirrel in the county, it first appeared m 
the county about 1863 

Jackson — In September, 1880, N. A Wood saw several 
near Napoleon 

Kent. — In 1898 several resident naturalists reported it com* 
mon at Grand Rapids, and as preferring open woods with 
high trees 

Lenawee —W J Beal reports that it was not found m the 
county until about 1858 

Luce —Walter Rodgers reports that a hunter m the fall of 
1909 saw several and shot one nine miles north of Rexton. 

Monroe —In 1910 Jerome Trombley reported it found spar¬ 
ingly at Petersburg, where it had never been common, 
though at one tunc it was much more numerous. 

Montcalm —In 1898 Percy Selous reported it common at 
Greenville, often being found running over the deep snow 
on Bunshiny days in midwinter In 1911 L. C. Hodges 
reported it common at Stanton. 

Muskegon —In 1910 T Moore reported it not rare near 
Montague 

Oakland — In 1920 W E Hastings reported a number to 
occur near South Lyon 

Ottawa — In 1908 John Driy reported it less common than 
formerly near Holland • 

Presque Isle — In 1892 Walter Rodger saw one near Black 
Lake. • 
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Saginaw — In 1902 R A Brown reported it rare in that 
county 

Wayne — In 1910 J. Claire Wood reported it to still hold its 
own near Detroit. 

Glaucomys volans volans 

GlAUCOMYS 8ABRINTJ8 MACHOTI8 

Flying Squirrel 

Cheboygan —July 27, 1915, N A Wood found a female and 
five half-grown young m an outside nest of grass and bark, 
placed about fifteen feet up m a poplar tree at Douglas 
Lake The neat was very much hke that of the red squir¬ 
rel and might have been an abandoned nest of that species 
(macrotis) 

Crawford —In 1903 residents reported to N A Wood that 
it was common m the county 

Dickinson — In 1898 E E Brewster reported flying squirrels 
common near Iron Mountain In 1909 A G Ruthven 
saw mounted specimens (macrotis) which had been taken 
near Norway 

Genesee —In 1905 H B Baker reported flying squirrels 
quite common near Flint 

Ingham — In 1898 T. L. Hankinson reported flying squirrels 
common at East Lansing 

Ionia —In 1898 L J Cole reported flying squirrels found in 
the county 

Kent — In 1898 W. E. Mulhken reported flying squirrels 
common at Grand Rapids 

LtrcE —In 1914 Wm. McGraw reported that he caught in 
winter in the northeastern part of the county many flying 
squirrels in traps set for fur-beanng animals 

Monroe —In 1910 Jerome Trombley reported flying squir¬ 
rels common near Petersburg 

Montcalm —A specimen taken in the county December 13, 
1883, by Morris Gibbs is macrotis. In 1898 Percy Selous 
imported flying squirrels oommon near Greenville In 
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1911 L. C Hodges reported flying squirrels plentiful at 
Stanton. 

Oscoda — In 1903 J Buchanan reported flying squirrels com¬ 
mon at Big Creek 

Ottawa — In October, 1907, a flying squirrel was seen by 
John Dny near Holland 

Saginaw. —In 1897 R. A Brown reported flying squirrels 
common in the county. 

Washtenaw — Walter Koelz has a specimen ( volans ) taken in 
Ann Arbor August 23, 1922 

WAYNif — In 1897 J Claire Wood found flying squirrels 
numerous in Woodland Lawn Cemetery 

Castob canadensis michiganensib 
Beaver 

Allegan — Isaac Lamoex reports it occurred at New Rich¬ 
mond when he arrived there in 1845 

Antbim —W. E Hastings reports that old dams can still be 
found in the county 

Cheboygan — In October, 1882, N A Wood saw houses and 
damn on Black River, and saw one beaver which had been 
trapped 

Cbawfohd —In 1903 residents reported to N. A Wood that 
it was rare m the county. 

Genesee —In 1905 H B Baker reported that remains of 
damn could be seen near Flint. 

Grand Tbavebse —W. E. Hastings reports old dams still 
to be found in the county 

Ingham — In 1898 T. L. Hankinson wrote that old residents 
had seen beaver dams m that county. 

Jackson —W. C. Weeks reports one caught in 1886 near 
Napoleon 

Kalxabka — A. B Covert reports that beaver were still oem- 
mon in 1882 

Lenawee. — In 1898 W. J. Beal reported old beaver dams still 
to be found in the county. 
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Livingston. — W. E. Hastings reports one old dam near 
Green Oak. 

Loos. — Still numerous in the county until at least 1912, 
as reported to N. A Wood by residents and hunters. 

Monhoe. — Jerome Trombley reports that numerous old dams 
once occurred near Petersburg, some of these dams must 
have been built as late as 1810, but the beaver were 
entirely extinct in the region by 1833 

Montcalm —In 1911 L C Hodges reported that it was for¬ 
merly common and that dams were still to be Been near 
Stanton 

Montmorency —In 1911 Albert Miller reported a few left 
in the county 

Oakland, — W. E Hastings reports a very few old dams still 
present near South Lyon. 

Oscoda — In 1903 residents reported to N. A Wood that a 
few were left near Royce City and McKinley. 

Pbxsqus Isle —October 15, 1883, N A. Wood saw one 
freshly caught near Black Lake. 

Saginaw —The Museum of Zoblogy has a mounted speci¬ 
men taken in 1888 near Saginaw. 

Wexford. — A. B Covert reported it still common m 1882 
near Cadillac. 

LeFUS AMERICANOS AMERICANOS 
LeFOS AMERICANOS PHAEONOTUS 

Snowshoe Hare 

Allegan. — It occurred at New Richmond when Jsaao Lamoex 
arrived there in 1845. 

Antrim. — In 1920 W E. Hastings reported it common in the 
oounty. 

Cheboygan. — In 1883 N. A. Wood found it not rare at Black 
River. 

Crawford. — In 1908 residents reported to N. A. Wood that 
it was common in the county. 
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Genesee — Samuel Spicer reports it was common in Atlas 
Township until about 1865, he shot many in 1858 

Grand Traverse — In 1920 W E Hastings reported it 
common in this county 

Ingham —In 1898 T L Hankinson wrote that old residents 
reported it to have occurred formerly m that county 

Ionia —J B Steere reports taking it in the county in the 
early days. 

Jackson — In 1898 W J Beal reported it still taken by 
hunters m a large swamp in the county In the fall of 
1907 L D Watkins shot one in a big swamp in the 
county 

Livingston —In 1890 Will Drake, formerly of South Lyon, 
shot sixteen m one day near Pinkney 

Luce — In 1914 N A Wood found it common in the north¬ 
eastern part of the county 

Mackinac — In 1890 J Claire Wood found it common in the 
county 

Montcalm — In 1898 Percy Selous reported it rare near 
Greenville, though common twelve miles north of that 
place In 1911 L C Hodges reported it formerly com¬ 
mon, but then rare, near Stanton 

Oakland —In 1898 A B Durfee reported it formerly com¬ 
mon m the county 

Oscoda — In July, 1903, N A Wood saw several and secured 
one near Butler Bridge 

Wayne — In 1898 A B Durfee reported it formerly common 
in the county 

Sylvilagus flokidanus mearnbix 
Cottontail 

Allegan — In 1898 L J Cole reported it common in the 
county 

Antrim — In 1920 W, E. Hastings reported it common in the 
county 

Branch. — E L Moseley reports its occurrence in 1897 at 
Union City 
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Charlevoix —In 1909 and 1922 Walter Rodger reported it 
common ncai Charlevoix 

Cheboygan — In July and August, 1914, N. A Wood saw 
several near Douglas Lake. 

Crawford — In 1903 E A. Purchase reported it rare in the 
eastern part of the county 

Eaton — The Museum of Zodlogy has a specimen taken m 
the county in December, 1905, by F S Hall, of the Uni¬ 
versity of Michigan, who reported it common 

Genesee — In 1905 H B Baker reported it common near 
Flint In 1910 Samuel Spicer, an old resident, reported 
it always common in Atlas Township 

Grand Traverse — In 1920 W E Hastings reported it com¬ 
mon in the county 

Hillsdale —In the late fall of 1878 N A Wood shot one 
near Somerset Center T. L Hanlunson reports it com¬ 
mon near Hillsdale up until 1891, in 1892 it decreased in 
abundance, and m 1893 and 1894 became very scarce, m 
1898 it was still scarce 

Ingham — In 1898 T. L Hankinson and L J Cole reported 
it common near Lansing 

Ionia — In 1898 L J. Cole reported it common in the county 

Jackson — In 1910 W. C Weeks reported it common near 
Napoleon 

Kent — In 1898 resident naturalists reported it common near 
Grand Rapids 

Lapeer. — In 1896 N. A Wood saw several near Milan 

Livxngbton —Sinoe 1865 N A. Wood has found it common 
in the southern part of the county 

Monroe —In 1910 Jerome Trombley reported it present m 
considerable numbers near Petersburg, but diminishing 
Bince 1890. 

Montcalm. — In 1898 Percy Selous reported it very common 
at Greenville. In 1911 L C Hodges reported it common 
near Stanton. 

Muskegon. — In 1910 T. Moore reported it abundant near 
Montague 
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Oaklan d —In 1882 N A Wood found it common and Bhot 
several near South Lyon. In 1920 W E. Hastings reported 
it common near South Lyon. 

Ottawa — In 1908 John Dny reported it common near Hol¬ 
land 

Presque Isle — In* 1882 Walter Rodger reported it rare near 
Black Lake 

Van Buren. — The Edwardsburg High School has a specimen 
taken m 1913 at Bangor 

Wayne —In 1910 J C Wood reported it common near 
Detroit 


Cervus canadensis canadensis 
American Elk 

Allegan —Isaac Lamoex reports that it ^vas found at New 
Richmond when he arrived there m 1845 

Genesee —Samuel Spicer reports that antlers have been 
plowed up in Atlas Township 

Gratiot — Wm J Foster, of Pompeii, saw a female between 
1866 and 1870 in Washington Township, where the male 
had been killed a short time previously 

Huron — C F Smith, reports that it was common in the 
oounty until 1871 

Ingham. — The Museum of Zoology has the basal half of a 
large set of antlers dug up in Ingram Township in 1907. 

Jackson —R W Bunton, of Ann Harbor, reports a set of 
antlers dug up at Michigan Center in December, 1920 

Kalamazoo — The Museum of Zoology has a portion of an 
antler dug up near Kalamazoo in 1910, and presented by 
E. T. Seton. 

Mecosta —A W Bennett, attorney, of Big Rapids, writes 
of a set of antlers found near that place in September, 
1915. 

Monroe. — Jerome Trombley reports finding a pair of 
near Petersburg in 1845. 

Montcalm. — Percy Selous in 1898 reported that aatlsra had 
been found in that oounty 
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Sanilac —C. F Smith reports it was common near (hat 
place until the great forest fires of 1871, when it became 
scarce; previous to that time it occurred in herds of ar 
dozen or more and he had no difficulty in getting all he 
needed for food. 

Tuscola. — Wm. Duncan, of Salem, reports that in 1866 part 
of a herd from Huron County got over on the Cass River 
in Tuscola County, and that was the last heard of them. 
Oscar Douglass, of Hamburg, killed one m Tuscola County 
in December, 1866 J Foster, of Pompeii, has seen the 
head of one which had been killed by an Indian in Tus¬ 
cola County in 1870 or 1871. 

ODOCOILEUS VTRGIN1ANUS BOBEALIB 

White-tailed Deer 

Alleoan. — It was at New Richmond when Isaac Lamoex 
arrived there in 1845. 

Antrim — In 1920 W. E. Hastings reported a few yet m the 
county 

Cbawford — Reuben Ambruster, formerly of Ann Arbor, 
killed a buck in 1892 near Jack Pine. 

Eaton. — A G. Powell, a resident, shot one in Brookfield 
Township in 1870, the last one seen in the township 

Genesee. — Samuel Spicer reports it was common in Atlas 
Township between 1845 and 1850, and was frequently 
seen until 1860 The father of H B. Baker states that 
near Flint the last one was seen m 1880. 

Grand Traverse. — In 1020 W E Hastings reported a few 
still in the oounty. * 

Ingham. — T. L. Hankinson reports that it has been extinct 
in tire oounty since about 1858. 

Ionia. — L, J. Cole in 1898 reported it had occurred in the 
county within comparatively recent times. 

Jackson. — W. C. Weeks, in 1890, killed near Napoleon the 
last one known in the oounty. 

Keweenaw. — Deer were introduced on Isle RoySle in 1910 
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by the state game warden, the stock was taken from the 
semi-domesticated herd on Grand Island, Alger County 
Kent — W E Mulhken and L J Cole in 1808 reported it 
once common near Grand Rapids, and as continuing to 
within comparatively recent times 
Monroe —Jerome Trombley reports it was extremely abun¬ 
dant near Petersburg up to 1850, when they began to 
diminish, three, the last known to him from the county, 
were killed in 1891 George Grey, a resident, reports 
three killed in the county m 1900 
Montmorency — Albert Miller, in 1910, reported it was com¬ 
mon near Lewiston 

Schoolcraft — E. N Woodcock in the winter of 1875-1876 
saw twenty-five in one day on the banks of the Mams- 
tique River 

Wayne — AH Durfec in 1898 stated it was once common in 
the county 


Ranoifer caribou caribou 
Caribou 

Chippewa — Joseph H Steere wrote in 1910 that he had seen 
tracks on the Michigan side along the St. Marys River, 
and that parties had seen them swim from the Canadian 
shore to Sugar Island 

Keweenaw —C S Pierce, state game warden, reported in 
1911 that there were at least two large herds on Isle 
Royale 

Luce — Kitson Cobb reports one killed near Boo Junction in 
November, 1906, by a man who thought it a peculiar 
deer 


Alceb ambricanub 
Moose 

Alger — Wm. J Foster, of Pompeu, reports that he bood 
m Seney the mounted bead of a large male killed in 1890 
about twenty-five miles north of that pl ace . 
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Chippewa. — Joseph H Steere states that it is frequently 
reported in the vicinity of the Tahquamenaw River, and 
that he Baw tracks of a large one in 1009 He states also 
that Chase Osborn, former state game warden, in the fall 
of 1000 several times saw a bull and cow near his cottage 
on Duck Island in the St Maiys River N A Wood 
has given the Museum of Zoology the antlers of a two- 
year old male killed near Whitefish Point in 1008 
Huron — Chas C McDonald, a lighthouse keeper, saw a 
moose in this county about 1870 and heurd of others later 
Luce — Wm, McGraw saw a male near Two Hearted Station 
m 1000, and another male at the same place September 
21, 1007, signs and tracks were seen also in 1000, 1010, 
and 1013 J S. Ligon, of the U S. Biological Survey, saw 
a male December 18, 1020, on the Tahquamenaw River 
fourteen miles north of Soo Junction 
Mackinac —Frank Baum in 1011 reported a few to occur 
near Gilchrist 

Missaukee —A. B Covert at one time had the antlers of a 
male killed in August, 1881, in Union Township 
Presque Isle —John Rodger in October, 1883, saw a fine 
male near Black Lake 

Sanilac — C K. Dodge saw the body of one brought to 
Port Huron, whioh had been killed m the winter of 1864 
in Sanilac County 

Schoolcraft. — Deer hunters killed a cow in October, 1912, 
in the northern part of the county, the hunters concerned 
were arrested and sentenced and the head given to the 
Museum of Zodlogy About October 1, 1922, a male was 
seen about twenty miles northwest of Senqjr by several 
persons, among whom was George Banshof, a graduate 
of the University of Michigan. 
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Part I Robert of Chester’s Latin Translation of the Algebra 
of Al-Khowarizmi With an Introduction, Critical Notes, and an 
English Version By Louis C Karpmski, University of Michigan 
With 4 plates showing pages of manuscripts in facsimile, and 25 
diagrams in the text Pp vn + 164 Paper covers $2 00 net 

Part II The Pbodromub of Nicolaus Steno’s Latin Dissertation 
CONCEKNIN a A SOLID BODY EnCLOSKO BY PROCESS OF NATURE 
within a Solid Translated into English bv John G Winter, Uni¬ 
versity of Michigan, with a Foreword h> Professor William H Hobbs 
With 7 plates Pp vu + 169-283 Paper covers 81 30 net 

Part III Vesuvius in Antiquiti Passages of Ancient Authors, with 
a Translation and Elucidations By Franc is W Kelsey Illustrated 
(In preparation) 

Vol XII Studies in East Christian and Roman Art By Charles R 
Morey, Princeton University, and Walter Dennison With 67 plates 
(10 colored) and 01 illustrations m the text Pp xui + 175 84 75 net 

Parts Sold Separately 

Part I East Christian Paintings in the Freer Collection By 
Charles R Morey W T ith 1 i plates (10 colored) and £4 illustrations 
in the text Pp xni + 86 Bound in cloth 82 50 net 

Part II A Gold Treabure of the Late Roman Period By Walter 
Dennison With 54 plates and 57 illustrations m the text Pp 
89-175 Bound m cloth $2 50 net 

Vol XIII Documents from the Cairo Genizah in the Freeh Collec¬ 
tion Text, with Translation and an Introduction by Richard Gottheil, 
Columbia University (7n preparation ) 

Vol XIV Two Studies in Later Roman and Byzantine Administration 
By Arthur E R Bouk end James E Dunlap, University of Mulligan 
Pp x + 324 Bound in doth $2.25 net 

Parts Sold Separately in Paper Covers 
Part I The Master of ihk Offices in the Later Roman and 
Byzantine Empires By Arthur E R Boak Pp x + 160 Paper 
oovers 81 00 net 

Part II The Office of the Grand Chamberlain in the Later 
Roman and Byzantine Empires By James E l>unlap Pp 165- 
324 81 00 net 

Vol XV Greek Themes in Modern Musical Settings By Albert A 
Stanley, University of Michigan With 10 plates Pp xxn + 385 
Bound in doth 84*00 net 

Parts Sold, Separately in Paper Covers 
Part I Incidental Music to Percy Mackayb’s Drama of Sappho 
and Phaon Pp* 1-68 80 90 net 
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Part II Music to the Alcestis op Euripides with English Text 
Pp 71-120 SO 80 net 

Part III Music to the Iphiqenu among the Taubians by Euripides, 
with Greek Text Pp, 123 -190 SO 75 not 
Part IV Two Fragments op Ancient Greek Music Pp 217-225 
SO 30 net 

Port V Music to Cantica of the Menalchmi op Plautus Pp 229- 
263 SO 60 net 

Port VI Ams A Symphonic Poem Pp 266 383 SI 00 net 

Vol XVI Nicomachub op Gerasa Introduction to Arithmetic 
Translated into English by Martin Luther D’Oogc, with Studies m 
Greek Arithmetic by Frank EglcBton Robbins and Louis C Karpinski 
(/n preparation ) 

Volb XVII, XVIII, XIX, XX Royal Correspondence or the Assyrian 
Empire Translated into English, with a transliteration of the text and a 
Commentary By Leroy Waterman, University of Michigan (In press) 

Vol XXI The Papyrus Minor Prophets in the Freer Collection 
and the Berlin Fragment of Glnksih By Honry A Sunders, Uni- 
vereit> of Michigan, and Carl Schmidt, University of Berlin (Jn press ) 

FACSIMILES OF MANUSCRIPTS 

Size, 40 5 x 35 cm 

Facsimile of the Washington Manuscript ok Deuteronomy and Joshua 
in the Freer Collection With an Introduction by Henry A, Sanders 
Pp x, 201 hchotype plates The University of Michigan Ann Arbor. 
Michigan, 1910 

Limited edition, distributed only to Libranes, under certain conditions A 
list of Libraries containing thin Facsimile is printed in University of Michigan 
Studies, Humanistic Series, Volume VIII, pp 351-353 


Size, 34 x 26 cm 

Facsimile of the Washington Manuscript ot the Four Gospels in the 
Freer Collection With an Introduction by Henry A Sanders Pp 
x, 372 hchotype platen and 2 colored plates The University of Michi¬ 
gan Ann Arbor, Michigan, 1912 

Limited edition, distubuted only to Libraries, under oertain conditions. A 
list of Libraries containing this Facsimile is printed m University of Michigan 
Studies, Humanistic Series, Volume IX, pp 317-320 
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Sue, 28 x 18 5 cm 4* Bound in Cloth 
Vol I The Circulation and Sleep By John F Shepard, University of 
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Text and Atlas, 82 50 net 

Vol II Studies on Divergent Series and Summabiuty By Walter 
B Ford, University of Michigan Pp » + 194 82 50. 
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UNIVERSITY OF MICHIGAN 
PUBLICATIONS 

Gsasnl Editor* EUGENE S McCARTNBY 
Sue, 22 7 x 15 2 cm 8° Bound in Cloth 
Tee Life and Works of George Sylvester Morris A Chapter in the 
History of American Thought in the Nineteenth Century By 
Robert M Wenley, University of Michigan Pp xv + 332 Cloth 
$1 50 net 

Latin and Greek in American Education, with Symposia on the Value 
of Humanistic Studies Edited by Francis W Kelsey Pp x + 390 
$150 

The Present Position of Latin and Greek, The Value of Latin and 
Greek as Educational Instruments, the Nature of Culture Studies 
Symposia on the Value of Humanistic, Particularly Classical, Studies 
as a Preparation for the Study of Medicine, Engineering, Law and 
Theology 

A Symposium on the Value of Humanistic, Particularly Classical, 
Studies as a Training for Men of Affairs 
A Symposium on the Classics and the New Education 
A Symposium on the Doctrine of Formal Discipline in the Light 
of Contemporary Psychology 
(Out of print, new edition in preparation ) 

The Menaeohmx of Plautus The Latin Text, with a Translation by 
Joseph H Drake, University of Michigan Pp xi +130 Paper 
covers SO 00 

The Senate and Treaties, 1789-1817 The Development of thf Treaty- 
Making Functions of the United States Senate during Their 
Formative Period By Ralston Hayden, University of Michigan 
Pp xvi + 237 Cloth $1 50 net 


Size, 25 2 x 16 5 cm 8° Bound m Cloth 
Catalogxte of the Stearns Collection of Musical Instruments (second 
edition) By Albert A Stanley With 40 plates Pp 276 $4 00 net 


Size, 23 5 x 15 5 nn 8° Bound m Cloth 
William Plumbb’s Memorandum of Proceedings in tub United States 
Senate, 1803-1807 Edited bv Everett Somerville Brown, Uni¬ 
versity of Michigan, Pp xi + 673 Cloth, $3 50 
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(containing Papers submitted at Annual Meetings) 

Editors PAUL 8 WELCH and EUGENI 8 MfcCARTNBY 

Size, 24 2 x 10^ cm 8° Bound in Cloth 
Vol. I (1921) With 38 plates and 5 maps. Pp xi + 424 $2 00 net 
Vol II (1922) With 11 plates Pp xi + 226 $2 00 net In paper, $1 50 net 
Vol III (1923) With 26 plates, 15 text fieurea and three maps Pp xm 
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“One of the most helpful books for teachers of American history whioh 
has been produced in the last generation " Harry £ Barnes, Clark 
University 

NEW VIEWPOINTS IN AMERICAN 
HISTORY 

BY 

ARTHUR M SCHLESINGER 

PROFESSOR OF HISTORY IN THE UNIVERSITY OF IOWA 

T HE object of the present work is to bring together and summarise in non¬ 
technical language, some of the results of the researches of the present era of 
historical study and to show their importance to a proper understanding of Ameri¬ 
can history It socms unnecessary to say that the interest aroused by the World 
War m Americanisation work makes it important that all citizens of the republic 
should loam what the historians have to say about the past of their counify 
Americanisation must begin at home History teachers in the public schools 
may also find m this volume a short cut to a rather extensive literature inaccessible 
to most of them It is the furthor hope of the author that graduate students 
ventunng forth into the field of American history for the first time may find this 
book useful m suggesting the special interests of the present generation of historians 
and some of the tendencies that seem likely to guide historical research for some 
years to come It not boon my pnmarv purpose to celebrate the names of 
the men and women who have cleared the new trails, but an effort has been made 
in the notes at the end of each chapter to render due acknowledgment — From 
the Preface 
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A new volume of great historical importance 

the mckinley and roosevelt 

ADMINISTRATIONS, 1897-1909 


BY 

JAMES FORD RHODES, LL D , D Litt. 

historians can lay claim to such a spontaneous and vigorous style as 
^ James Ford Rhodos The book opens with the excitement of the presidential 
campaign of 1896, takes up and makes livo ogam the Spanish War, the Vonesuela 
dispute of 1902, the Hay-Paunoefote treaties leading to the building of the Panama 
Canal, the Russo-Japanese Treaty Conferonoe, Roosevelt's prosecution of the 
trusts, and the othor events of the tune to which the country thrilled 


Chapter t Introduce* Mark Hanna and 
follows his political career through tho 
meeting of McKinley, the intimacy that 
formed over the coin question and his 
aid in McKinley's campaign and election 

Chapter II Deals with the arranging of 
the Cabinet and the trouble involved 

Cbastjui IU Presents the Cuban question 
giving public opinLon and McKinley's 
stand 


strike and his views of the Vcnesuela 
question, the Alaska Boundary Dispute 
and the sise of the British Navy 

Cbaptsr X Covers the dismissions about 
the Panama Canal, including the Hay- 
Pauncefote treaties the Hay-Herran 
treaty, the Panama Revolution, and the 
Hay-Bunmu-Varilla treaty 

Chapter XI Roosevelt's ability is con¬ 
trasted with that of Hanna 


Chapter IV The Spanish War chapter 
beatmung with the battle of Manila 
ana ending with tho destruction of the 
Spanish Fleet 

Chapter V Gives the main provisions in 
the Protocol, some personal glimpses of 
J P Morgan and John Hay and ends 
with an explanation of the Boxer Up¬ 
rising in China 

Chapter VI Carnes us through the Presi¬ 
dential Campaign of 1900, the stock 
panto and the assassination of McKinley 

Chapter VII Opens with a discussion of 
the situation in Puerto Rico, Cuba and 
the Philippines, followed by oharaoter 
sketches of Root, Taft, Forbes and 
Coolidge 

Chapter Vtll Bogins the Roosevelt ad¬ 
ministration and describes his Now Eng¬ 
land tour 

Chapter IX Includes Roosevelt's dealing 
and settlement of the Anthracite coal 


Chaptsr XII Records tho atatuB of the 
Republican Party, the result of the 
eleotion of 1904 and the St Louis Fair 


Chapter XIII Brings us to the Russo- 
Japanese War ana includes some salient 
mentions of the Morocco Affair and the 
Algeoums Conference 


Chapter XIV Discusses the different mat¬ 
ters of legislation in 1906 such as the 
Railroad rate the Hepburn Bill, the 
Senate Bill, and the Pure Food laws 


Chapter XV Clearly elucidates the presi¬ 
dent's efforts during the panic of 1907 
and his actions in regard to Irrigation 

Chapter XVI Gives ns some sidelights on 
Roosevelt's opinion of the navy and the 
Japanese question 

Chapter XVII Has for its background the 
Republican Convention of 1908 across 
which come the figures of prominent 
men Taft, Lodge, Morton but most 
eonspiouous among these is Roosevelt 


The McKinley and Roosevelt Administrations, 1897-1909 
By Jambs Fobs Rhodes, LL D, D Lid 
Illustrated mth portraits of prominent men of the lime 
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